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The Amelioration 
of Wheat 

B. P. Pal 


W HEAT is one of the' eailiest plants 
cultivated by man and it has been 
said that the story of wheat is the story 
of our civilization. For some hundreds of 
thousands of years, piimitive man was 
a hunter who knew nothing of either 
cultivated plants or domestica.ted ani- 
mals, The cultivation of plants like 
wheat and the domestication of milch 
and meat animals gieatly diminished the 
danger of starvation and enabled primi- 
tive man to give up his nomadic habits 
and to live in villages. The grouping 
of families together in settled commu- 
nities led to the development of an 


incieasingly complex social existence, 
consciousness and cieative genius. 

If it were possible to tiacc the deve- 
lopment of agriculture back to its start- 
ing point, it would be found that all 
our cultivated plants and modern live- 
stock animals existed then in the wild 
slate. The cultivated wheats and their 
wild relatives have been studied very 
intensively, and from these studies a 
clear inclure is now beginning to em- 
eige of the evolution of modern wheat. 
Wheal IS seperated into distinct gioups 
which differ from one another in many 
ways and are, therefore, classified as 
separate species under the genus Triti- 
cum Authorities differ on the number 
of distinct species of wheat but it has 
been established that all the wheat 
species, whatever theii numbei, fall into 
three distinct groups on the basis of their 
chromosome numbers. The chromo- 
some numbers of the thiec groups, dis- 
covered independently by Sakamnia and 
Sax in 1918, are 14, 28 and 42 res- 
pectively. It is inteiesting to note that 
Schulz a Gennan botanist, had arrang- 
ed the wheats into these three gi'otips 
on the basis of their moqrhological 
characteristics in 1913, well before their 
chromosome members became known. 
Some characteristics of the currently re- 
cognized wheat species as well as their 
distribution and antiquity arc given in 
the Table on page 2 

Descent of Modem Wheat 

The 28- and 42-chromosomc wheats, 
termed tetraploids and hexaploids res- 
pectively, have all arisen fiom 14-chro- 
mosome (i.e„ diploid) wheat and relat- 
ed grasses througli hybridization follow- 
ed by chromosome doubling. 
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T.spelta Spelt 42 Cultivated Hulled Central Europe Bronze Age 

T macka 42 Cultivated Hulled Western Georgia, Azerbaijan, Armenia Twentieth centuiv- 
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T.zhukovskyi 42 Cultivated Hulled Transcaucasia(Georeia, Azerbaijan, Armenia) Twentieth century 
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First Stage 

The diploid wheats, which form tire 
lowest step of the evolutionary staircase 
leading to the development of modern 
bread wheat, consist of two species: 
T hoeicum and T. monococcum, known 
as wild einkoin and einkorn respec- 
tively. Theii spikes contain a single 
seed per spikelet and hence their name. 
Carbonized grains of both tliese species 
were found at the 6,700-year-oId site 
of Jaimo in Eastern Iraq, the oldest 
village yet discovered, but whether 
they are the only wheats occurnng in 
this ancient village site cannot be said 
witli certainty. Both the diploid wheats 
have fi agile rachis and tightly hulled 
seeds Furthennore, both tlie species 
have the same set of chromosomes, i.e,, 
genome A, and can be inter-crossed 
with ease, yielding highly fertile off- 
springs. Except for slight differences 
regarding seed size and tire degree of 
rachis fragility, tlie two species are es- 
sentially similar and undoubtedly the 
einkoin is the cultivated counterpart of 
the wild form. 

Wild einkorn occurs in the Armenia 
and Georgia regions of the Soviet Union, 
and in Turkey, Eastern Caucasus and 
Western Iran, It is found as a common 
grass in the hilly tracts of Greece and 
Bulgaria and as a weed in vineyards of 
southern Yugoslavia. Cultivated ein- 
korn is believed to have oiiginated in 
the mountains of north-eastern Turkey 
and south-western Caucasus, or possi- 
bly sliglitly faiThcr soutli in eastern 
Iiaq. Carbonized monococcum grains 
found in neolithic deposits of the lake- 
dwellers of Switzerland and in many 
other sites in central and north-eastern 
Europe and the impressions of einkorn 


ears identified in neolithic pottery in 
Britain and Ireland indicate that cer- 
tainly it is an ancient cereal. But how 
old its cultivation is, cannot be said 
with surety, since information on the 
remote past comes chiefly from excava- 
tions which, besides being few, have 
larely provided conclusive evidence. 
Apparently, little significant change has 
occurred in this progenitor species over 
the centuries, although it is still grown 
in spite of its low yields in some parts 
of Greece, Crimea (USSR), Spain and 
Morocco, usually in hilly regions with 
thin soils. 

Second Stage 

In tlie next stage of evolution arc the 
tetiajiloid spiccics which aiose from the 
hybridization followed by chromosome 
doubling between a diploid wheat and 
a 14-chromosomc-relatcd wild grass, 
identified by Saikar and Stebbins (1956), 
and later upheld by Riley, Unrau and 
Chapman (1958), to be Aagilops spel- 
toides var. liiigsiica or a closely related 
form. Only one of the tetraploid spe- 
cies— T. Dicoccum, also called wild 
emmer— is found growing wild in South- 
ern Armenia, north-easlem Turkey, 
Western Iran, Syria and Northern Pales- 
tine. Closely related to wild emmer is 
its cultivated version called emmer, and 
both of them have fragile rachis and 
tough glumes. Well-preserved spike- 
lets, scarcely different from those of the 
modern emmer, have been found in 
Egyptian tombs of the Fifth Dynasty 
while remains or impressions of this 
wheat have been commonly found in 
neolithic sites in continental Europe, 
Britain and Ireland. These evidences 
show that emmer may well have been 
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tlic duVf ctn-cal uf tlic ^c'ar Ka.sf:, fioin 
yrt’-Iiistciric linu's lo thf Grai' 0 »-R(inmn 
pt'ritKls. 

Tlu* tclraiildul whi-ats wt-rt- tin* first 
It) prtKltit'f .s|)f<‘ic‘s with long]) radiis 
!iik1 fit'C-tlirfsliiiig grains. Althinigh 
four Midi .sprdfs mt,' kiiowii— t/urnni, 
turfskhm, airtlilicum anti jwhwcum— 
yot iioiif of tfiisso wlieat.s oxcopt durum 
i.s of great eoimnereial importance to- 
day. ilfcent goiidic analysis has shown 
that these species, which inler-cmss 
freely giving fertile hybrids, are diffcr- 
enlialcd from eadi other mostly with 
respect to single loci and, hence, inuy 
he con.sideu'd suh-.specie.s of one basic 
specie.s. The oldest of the.se, durum, is 
believed to have been cultis'ated during 
the Greeco-Hoinan ju'riod ubont the 
first C'Ciilury B,C. This .specitss, which 
is the best wheat for the munufuctwrc 
of macaroni, spaghetti and other edible, 
paste products, is still grown fairly ex- 
tensively in Italy, Spain and parts of 
the USA, and also in our country. T. 
Turgidum, called the rivet wheal, deser- 
ves mention since it is the tallest grow- 
ing and, under favourable conditions, 
one of the most productive wheals. 
However, its grains are soft, yielding a 
weak flour unsuitable for bread-making. 

Another telraploid species-^', Timo- 
pheeoi, discovered in this century by 
Russian botanists and known only in 
Western Georgia— appears to bo quite 
differentiated from the rest of the spe- 
cies of this group. This species is re- 
sistant to virtually all diseases that 
attack other cultivated wheats, including 
rusts, smuts and mildews and is obvi- 
ously of great practical interest to plant 
breeders. Inter-specific crosses involv- 
ing T. Timopheevi have led to the deve- 
lopment of cytoplasmic male sterile 


lines in bread wheal, offering scope for 
(he emmnerciai eKploitatiun of hybrid 
ngiiiir in wheat protludion. 

Third Kfrige 

The hesaploid gnnip cim,si.st,s of seven 
.s[)ieies' wliieh ar(‘ all niltivated; none 
has ever been found growing wild. Of 
lhes(‘. T. Hprlta, T. Mocha, T. PacilotH 
and T. Zhtikoi skiji are. like einkorn and 
eninier, hard lhie.sliing .species while T. 
Hidgarc, T. Spharrococctim and T. Com- 
]HU-lum are free-lhre.sliiiig and, popu- 
larly known a.s liread wlieals, account 
for about t)0 per cr‘t)t of all the wheat 
grown in llie world today, nie hexa- 
ploid speeies, like lh(‘ telraploids, are 
cliiferenliuted from each other with res- 
peel to only ono or a few loci and have 
1)00)1 regarded by Markey (1954) and 
also by Seuivs (]959j to he .sul)-.spccics of 
a basic .species designated T, Acstivum, 
All the hexaploid wheats are products 
of hybridization followed by chromo- 
some doubling between tetraploid 
wheats containing the A and B genomes 
with a wild 14 -chromosome grass, Aegi- 
lopx squarnm, containing the genome 
D, The .species, T. Zhukoohjl, seems 
to be an exception having the genome 
constitution AAAABB instead of 
AABBDD, as reported by Swaminalhan. 
Some of these hexaploid species have 
already been artificially synthesized by 
various research workers, thu.s support- 
ing the above conalusions. Tiro parti- 
cular value of the bread wheats lies not 
only in their greater yield potential and 
in their free-threshing naked grains but 
also in tlio peculiar quality of their 
gluten, the protein component of wheat 
grain. Of all the cultivated cereals, 
only the bread wheats aie capable of 
producing tire light, fluffy, leavened 



THE AMELIOBATION OF WHEAT 


5 


bieads we know today. The D genome 
seems to have contributed not only to 
the bread-making quality but also tole- 
rance to cooler growing-seasons, exten- 
ding die adaptability of the wheat plant 
from the equator to the Arctic circle. 

Which one of the hexaploid species 
arose first, or where, and when the 
modern bread wheat first occurred are 
still matters for intelligent conjecture. 
Grains of sphoerococcum, a species con- 
sidered to be endemic in this country, 
have been found at die most ancient 
site in India— Mohenjo-Daro, dated 
about 2500 B.C. The wheat found in 
neolithic store-chambers in Hungaiy 
has been identified as T. Compadum. 
All the archaeological evidence, none 
in itself conclusive, indicates that die 
bread wheats originated much before 
the time of Christ but later than einkorn 
01 emmer. The studies conducted by 
Swamiiiathan and his associates have 
indicated that the hexaploids— uidgAre, 
spelta, macha and zhukovskyi—aie like- 
ly to have had independent origins 
from pre-existing tetraploids All hypo- 
theses making them interdependent in 
evolution raise more questions dian 
they solve, Which one of diese hexa- 
ploids arose first has to be largely deci- 
ded by archaeological and historical 
evidence and not from cytogenetic ana- 
lysis alone. 

Early Improvement of Wheat 

Before knowledge of sex and inheri- 
tance mechanisms in plants was gamed, 
the only method practised by farmers 
themselves or by professional breeders 
was selection which was carried out 
unceremoniously with the aid of a train- 
ed eye and an impulsive hunch. Tliis 
practice was based on the belief that 


by picking a fine plant, then picking 
die finest of its progeny and repealing 
the process year by year, an improved 
form would gradually be built up. 
There is no better example of the value 
of selection as a means of improving 
wheat than that provided by Hallelt’s 
woik in England. Starting in 1857 with 
an ear of wheat 4i inches in length and 
containing 47 grains, by 1861 Hal- 
lett had produced one 8| inches long 
with 123 grains. With slight modifica- 
tions this method was followed by early 
distinguished breeders like Le Couteur, 
Palrick ShiirelT, Vilmoiins, Nilsson and 
Hays who bred many successful varie- 
ties of llieir times such as Improved 
Fife’, This method was pul on a sound 
scientific basis by the concept of geno- 
type and the pure-line theory develop- 
ed by Johannsen (1903). The usual pio- 
cedure in pur e-line breeding has been 
to select a large number of single 
plants, compare their progeny in field 
trials, and save the single most valuable 
progeny as a new variety. It is obvi- 
ous that the most that selection can ac- 
complish is the isolation of a pure form 
from a mixture of forms. Mass selection 
differs from pure-line selection in that 
a number of plants, rather than just 
one, are selected to make up the new 
variety. In olhei words, varieties deve- 
loped by this method include fewer 
genotypes than parent population 
but moio than 'single’ genotype of varie- 
ties developed by pure-line selection. 
It should be noted that one out- 
standing merit of the wheat plant, lend- 
ing it so well to improvement by the 
selection mediod, was its self-pollina- 
tion system. Once the mechanism of 
sex in iilants became known, emphasis 
was shifted to the value of crosses as a 
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moans of obtaining now cnmbmations 
of fliaractors. \VilIiajn Farror of A 11 .S- 
tralia, during tlio latter part of tlio nino- 
Iconlh contmy, approaoliod prosontHlay 
pknt'brocding inothods and dovolopod 
many wheat varieties nf great \'ahu*. 
Ill* .selected pareiit.s for cro.sses on the 
basis of their dKiiader.s, .strongly featu- 
ring the v.ilue of composite crossiw as a 
means- of indticing maximum variation. 
Tlius, ‘federation,’ a variety of wheat 
that was early-maturing and non-.shal- 
teriiig, with .stiff, erect, .short slunv, was 
prodneed hy him as tlu* result of a defi- 
nite attempt to obtain a variety of 
wheal .suited to 'comhiae' hun-esling. As 
an illnstraliou of this principle, and 
parcntagi! of 'federation’ is given 
hidow 1 

Impnwed Fife X Elawah 

Yuridilla X Puriilc Straw 

I 

Federation 

Another shining example of this era is 
the dcvclqimont of the famous variety, 
‘marquis’, in Canada, by Saunders, 

Tlie rcdi.scoveiy of Mendel’s laws of 
inheritance by Dc Vries, Correns and 
Von Tsclien-nak, in 1900, stimulated 
the extensive studies of the laws of 
heredity that have led to the present 
system of breeding crop plants with a 
definite plan to obtain a desired com- 
bination of characters. With tlic addi- 
tion of the concept of dominance and, 
linkage, the whole process of segrega- 
tion turned out to be so definite and 
orderly that die breeder could confi- 
dently forecast not only what types 
would occui- in die Fa generation of 
cross, but also the proportions an which 
they -would be found. As diese facts 
became .evident and it was realized that 


pl,uil-l)rrrding was no longer, to quote 
Lindhys apt desciiption, "a game of 
flumci* played belween man and 
plant.s", alniDst every wheal-growing 
eoiuitry fonruled experimental stations 
for .solving it.s own ]noblems of wheat 
iiiiprovemeul. 

A mnv dirneri.sion to wheat-breeding 
wa.s added by Sir Kovvland Bilfcn who 
demonstrated for the finst time that liks 
other c‘luirael(“i-isties of the wheat plant, 
resi.slanct! to rusts also followed the 
Mcndelian law.s. lie announced at the 
beginning of tbi.s century that ‘plant- 
breeding olfers no more fa.scinating pro- 
blem lluui that of attempting to control 
epitlemii-s of fungal di.sease.s by deve- 
loping Tesi.staiil -^’arielies.’ Thus, breed- 
ing for di.seu.se re.sislmiee wa.s* ahso in- 
olncled in tlie list of objedive.s of wheat- 
breedens. 

^^'itb the increase in our llioorctical 
understanding of the breeding prineb 
pk.s, tcclmiques were refined and their 
application extended. Tims, the back- 
cross method was developed to improve 
the existing succe.ssful varieties with res- 
pect to one or two specific defects. The 
concept of a broad genetic base in 
breeding programmes replaced die 
early idea of pure-line breeding, When 
it became known that tlie success of a 
breeding piogramme depends upon the 
genetic variability present in die parent 
populations, efforts were directed to- 
wards collecting all available genetic 
slocks so as to preserve the valuable 
genn plasm for future use. After die 
important discovery by Muller in 1927 
dial the rate of spontaneous mutations 
could be greatly accelerated by means 
of X-rays, mutation-breeding was taken 
up with calculated advantage to induce 
genetic variablity and thus to make 
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selection more effective. The ‘trans- 
location technique’, developed by Sears 
(1956) to transfer the leaf-rust resistance 
from Aegilops umbellulata into bread 
wheat, has proved very useful in inter- 
specific and integeneric transfer of de- 
sirable genes. Mutation-breeding has 
thus become a potential aid to con- 
ventional wheat-breeding. I may quote 
here John Percival, one of the greatest 
wheat experts of his time, who wrote 
in 1921 that “it is important to empha- 
size the fact that the creation of plant 
chaiacters is beyond human power, and 
the causes which lead to the production 
of hereditai-y variation are quite un- 
known”. Plow soon has human power 
transgressed its boundaries! 

The Indian Scene 

Wheat has been imder cultivation in 
India since very ancient times and, in 
fact, at least one of its forms is con.si- 
dered to have originated, in the remote 
past, in die region of North India and 
Afghanistan. Identification of carbo- 
nized wheat grains found at the 
Mohenjo-Daio site as T. Sphaerococcum 
indieates tliat bread wheat was under 
cultivation in the Indus Valley 5,000 
yeais ago. The wheat crop still occu- 
pies an area of approximately 32 million 
acres, yielding about 10 million tons of 
grains Wheat cultivation in India is 
confined mainly to the vidgare and 
durum species, othei-s being grown in 
small pockets. By far the greater area 
is under tire vulgare wheats, particu- 
larly in the very extensive wheat-grow- 
ing regions of Northern India. The 
durum wheats are grown mainly in 
some parts of Maharashtra and Madhya 
Pradesh. The dicoccum wheats are 
grown in very small areas of Maharash- 


tia, Madras, Andhra Pradesh and My- 
sore. A special feature of Indian wheat 
is the relatively short season in which 
it glows. While, in some Western 
countries, the crop stands in the field 
for nine or ten months, in India it is 
leady for harvest in four to six montlis 
after sowing. 

Early Work 

It may sound strange today to know 
that there used to be an export market 
foi Indian wheat in the early days. 
Then, the Indian wheat used to be a 
mixture of tlie soft, white sorts, and was 
being valued at a lather low price be- 
cause it was not up to the standard 
requned, particularly in regard to mil- 
ling and baking qualities. The Briti,sh 
Government, then, considered the desi- 
lability of imirroving the Indian wheat 
by .suitable methods of breeding as was 
done then m England and other coun- 
tries. Accordingly, investigations on 
wheat were started by Albert Howard 
and Mrs. Howard with the help of A. B. 
Khan, of the Imperial Institute of Agn- 
ciiltuial Research at Pusa in Bihar. 
This work started during the first 
decade of this century, showed in its 
early stages that the Indian wheal 
material was very rich in valuable cha- 
racters, The fiisL stage of improvement 
of the CTop consisted of survey and col- 
lection of indigenous wheats and their 
separation into pure types. The earlier 
selections made from these collections 
were very outstanding, especially Pusa 
4 and Pusa 12 (now N.P. 4 and 
N.P. 12). They compared well wifli the 
best quality wheats in tlie world and 
N.P. 4 was distinguished enough to get 
the first prize four times, between 1916 



8 


MIKHil. M,IINCt; MUiftl l^KiS 


atitl 1920, in iiitcrimtional jjraiii r.xhibi- 
, lions. 

IinproYciwciit of tlio wheal crop l»y 
means (rf seleetion from the loe.il mate- 
rial was also earriecl f)ut in dilfen'iit 
ssheiU-jjrowimf slates of the (sruntry. 

In I’ttiir Pradesh, the variety Kanpur 18 
was m'oh'ed liy Leake in eollaboralion 
with the Howards, Wheat iniprove- 
nu'ut in the Punjab by Milne led to 
popular varietie.s like lypt-s 11, 8-A and 
9-D, The work initiated by Sir CJeo- 
[frey Evans in Madhya Pradesh resulted 
in the isolation of a nuniher of improv- 
ed s'train.s like A.O. 13, A.O. 88 and 
A.O. 90, 3’he itnpioved varietie.s bred 
in the Homhay Slatt‘ included the 
durum lypiss: ‘Molia' and 'Chdab'. 

Vaiieiics' Dcvchpcd hij Utjhridizulum 

Any itiven variety possesses only a 
few desirable eharaclens and thus the 
limit of improvement by means of selec- 
tion i,s reached when (he bo,st of the 
existing s'arielies have been picked out. 
The plant-breeder obviously cannot 
rest ccmleut with this, By means of 
hybridization, he tries to incorporate in 
one variety more and more desirable 
characters brought in from different 
varieties. Hybridization has been the 
most successful methods for developing 
better varieties of crop plants. In the 
beginning, our main object in hybridi- 
zation programmes was to produce 
whoat.s with high protein content, 
atriaclivc grains and good yielding abi- 
lity. This lino of work continued up to 
the middle thirties during which period 
a number of improved wheal varieties 
like NP, 52, N,P. 80-5, N.P, 114, 
N.P. 120, N.P. 125 and N.P. 165 were 
bred at the Indian Agricultural Re- 
search Institute. Similar work was also 


taken np at the .same tinu’ in the differ- 
ent whent-urmving .stall's of the coun- 
try, and it residted in the evolution of 
sariefies like C. ,518 and Cl. .591 in the 
Punjab, A.Ch 68 and A. 11.5 in Madhya 
Ihsulesli, and Java, Vijay and Niphad 4 
hi Bombay. 

In 19.31, a committee of experts met 
at .Simla to discuss way.s and means of 
fighting the ravuge.s of rust, and the 
cnipluisi.s in wlieat improvement shifted 
to breeding for disea.se resistance, I 
had the privilege of being the leader of 
the wlw'ut bleeding team and worked in 
close enopeiatirm with the plant 
patholngi.vt.v. In Northern India all 
the ihiee rusts aie responsible for 
the damage to the wlieat crop and 
hence llie wheat varietie.s which arc 
evolved .should be resistant to all these 
three rust.s. In view of the complexity 
of the problem, the work was taken up 
in two sluge.s, the lir.st hi'ing the pro- 
duction of vinicties separately resistant 
to .stem, leaf and stripe nests, and die 
second the combining of resistance to 
all the three rmsls. .Satisfactory pro- 
gress was made at the Indian Agricul- 
tural Research Institute with regard to 
the first stage which involved hybridi- 
zation with resistant foreign varieties, 
Thirs, N.P. 783 and N.P. 784 were high- 
ly iesi,stant to brown rust; N.P. 785 
and N.P, 786 to yellow rust; and 
N.P. 789, N.P. 790, N.P, 798 and N.P. 
799 to black rust. The .second phase of 
the work was also begun for building 
up resistance to all the three rusts. A 
few strains have already been produced 
that combine a useful degree of resis- 
tance to all the three rusts with very 
good agronomic characters. One of 
these, N.P. 809, is doing very well in 
the hilly areas of Himachal Pradesh. 
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Systematic breeding foi rust resist- 
tancc in Peninsular India was also start- 
ed in Bombay and Madhya Pradesh 
where only stem lust prevails. This 
programme yielded successful varieties 
like the ‘Kenphad’ strains and ‘Hybrid 
65’, Woik on breeding for lust resist- 
ance was likewise taken up in certain 
other states, including the Punjab 
where varieties resistant to one or more 
rusts are icpoited to have been evolved. 
Among these, mention may be made of 
C, 217, lepoited to be good for harani 
conditions in the Punjab, and C, 281 
With high yield and good giains suited 
for cultivation in the Plaryana tract. 

Although the discussion so far has 
been confined to the rust disease, it may 
be mentioned that the loose smut dis- 
ease which is only second in imiiortanco 
to the former has received its due share 
of attention. A number of wheat varie- 
ties evolved at the Indian Agiicullural 
Research Institute by me, and conveni- 
ently referred to as the wheals of the 
‘New Pusa 700 seiies,’ aie notable foi 
their high degree of tolerance to the 
rusts combined with veiy high resist- 
ance to the loose smut disease. 

Considerable work has also been done 
on the nutritive value of the improved 
varieties. Besides the chapati-making 
quality, the baking oi loaf-making qua- 
lity of Indian wheats is also lecciving 
our attention. 

Realizing that breeding for special 
conditions is of particular significance 
for the future cultivation of wdreat in 
India, efforts were directed at evolving 
two categories of varieties: those suit- 
able for intensive cultivation and those 
suited to rainfed conditions. The estab- 
lishment of several river valley projects 
and new krigation systems and the 


growing use of feitilizeis by our faim- 
ers necessitate the development of 
varieties suited for intensive agricul- 
tiual piacticcs. A non-lodging habit 
and the ability to utilize the applied 
fertilizer for giving economic returns 
will have to be essential qualities of the. 
varieties evolved m the future. Already 
several new Pusa wheals (N.P, 823, 
N.P. 824, N.P, 871 and N.P. 876) pos- 
sessing these attributes have been bred 
and distiibuted among fanners. Seve- 
ral states are also working along these 
lines and a variety, C. 306, bred in the 
Punjab, has shown wide adaiilability 
and high-yicld potentiality. 

Induclkm of Mtitaiions 

Realizing the value of mutagenesis in 
plant-breeding, a compichcn,sivc pro- 
gramme was initiated at the Indian 
Agncultuial Research Institute to ex- 
ploit to the full the potcntialitie.s offer- 
ed by mutation-breeding. Hero the 
particular interest has been in the use 
of mutagens to rectify one or two .spe- 
cific defects in desiiablc genotypes. 
Following this technique, the chaiacter 
of awning was introduced into the 
vaiieties N.P, 798, N.P. 799 and N.P. 
809. Again, the red-gram character of 
the high-yielding Me.xican varieties, 
Sonoia 64 and Lcrma Rojo, was chang- 
ed to the amber colour much liked by 
our fairaeis. The same ohjectivc can 
be achieved by hylmdization fallowed 
by back-crossing but thi.s, besides tak- 
ing a much longer time, may lead to a 
dilution of desirable genotypes. This 
work has .shown that, wherever possi- 
ble, specific gene changes .should be. 
brought about by mutation re.search 
without disturbing the adaptive charac- 
teristics of the variety. Induced-muta- 
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tion analysis, undertaken by a team of 
entlinsiastic rosearcli workers at the 
Indian Agricultural Research Institute, 
has also provided infftrmation «if value 
in understanding the nature of genetic 
change involved in species differentia- 
tion and in reconstructing the phyloge- 
netic history of the wheat plant as men- 
tioned earlier. 

The Future 

It has become increasingly evident 
that in order to achieve a break-tbrongb 
in our wheat production, out efforts 
should mainly concentrate on evolving 
varieties suited to intensive agricultural 
practices, since the production records 
show that a major bulk of our wheat 
grains is produced in the rather small 
acreage having adequate irrigation faci- 
lities and high fertility. It is now 
known that the wheat plant can effici- 
ently utilize much higher levels of soil 
nutrition and consequently give a much 
higher yield if lodging can be prevent- 
ed. In Europe and America, the lodg- 
ing problem has been overcome by 
breeding variedes with short, stiff straw. 
It is also clear from the work done in 
Mexico that reduction in plant height 
does not necessarily lead to a great loss 
in straw yields because tire high-tiller- 
ing ability of die dwarf strains acts as 
a compensatory factor. It is note- 
worlliy that the 'Gaines’ wheat, a dwarf 
variety of winter wheat developed in 
the USA, has created a new record 
for wheat yield in tire world. So, our 
prime object should be to breed such 
dwarf varieties suited to Indian condi- 
dons and requirements. The outstand- 
ing performance of the Mexican dwarf 
varieties, ‘Sonora 64’ and ‘Lpima Roja,’ 
in comparadve yield trials at Delhi and 


Ludhiana has .shown that they may be 
directly utilized in wheat production in 
thus country’. 

Tile development of hj'brid maize and 
sorghnni varieties which effectively 
utiii/e heterosis has revolutionized the 
yieUbs of these two crops. Heterosis in 
wheal has been commonly observed 
and Briggle (1963) has recently pub- 
lished an e.xcellent review of literature 
on cytoplasmic male sterility, fertility 
les'toratinn, heterosis and cro,ss-pollina- 
tion ill wheat as related to die produc- 
tion of hybrid varieties. It remains to 
Ire .seen bow economically the heterotic 
effect can he superimposed upon the 
yield ha.se, of the present highest- 
yielding commercial varieties. 

Another exciting pn.s,sibi]ily has been 
the reconstitution of n hexaploid wheat 
liy moans of chromosomal or genome 
substitutions, A largo number of am- 
phidiploids have bc.cn synthesized by 
various research workers but none of 
them has so far proved worth the effort 
in .spite of the high claims of their ad- 
vocates. ‘Triticalc’ and ‘perennial’ 
wheals have not proved as useful as 
they were thought to be. 

■The ‘brancbed-car’ mutant of bread- 
wheat evolved by Dr. Swaminathan has 
Impressed me. Ears of this mutant are 
sorghum-like and they contain nearly 
twice as many grains as those of the 
parental material. On improving ex- 
pressivity of this mutant type by 
choosing suitable genotypic background, 
this ‘induced’ character may lead to 
development of ‘miracle wheat’ of 
future. 

An outstanding cytogenetic contribu- 
tion of present era has been the dis- 
covery that chromosome pairing in 
bread wheat is under genetic control. 
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This governing system of the diploid- mosomes of the ancestral genomes lead- 
hke meiotic behaviour of the poly-ploid ing to genetic recombination among 
wheats, ensuring their high fertility, has homologous chiomosomes. Thus, trans- 
been identified as being located in fer of deshable genes tlirough inter- 
chromosome VA. In nulli-VA plants (i.e., specific and mteigeneiic hybridization 
m plants lacking the homologous pan can be effectively and more readily 
of chiomosome VA), multivalent painng accomplished by taking advantage of 
occurs among the corresponding chro- this unique mechanism. 

The Srinivasa Ramanujan I^ecture 1964. This lecture was published originally 
in proceedings of the National Institute of Sciences of India, August 1966, and is 
reproduced here by kind permission of the Secretary, National Institute of Sciences 
of India 
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Science in Aid of 
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D uring one’s lifetime one creates 
and accumulates a large number 
of documents, such as letters, certifi- 
cates of birth, education, marriage aird 
taxes, land deeds, papers about invest- 
mcirts and teiins of contract. Such do- 
cuments whether created or received by 
individuals or bu.sint‘ss firms or by go- 
vernment agencies or other institutions 
in the course of iheii work, are preserv- 
ed either for their historical, cultural, 
legal or informative value or for 
research pur-poses, The gr-eatest single 
creator of records is the government. 

Documents may either be in printed 
or in marruscript form. They constitute 
the memory of the creating agency and 


ptisNt's.s a wealth of infttnnation. For 
cvaniiih', they may provide a clue to the 
niini lal and filler rcstnirces or throw 
light on seientifie, euiiionhc or social 
iiiiUlei.v or on financial and legal com- 
inilinent.s and other siinil-ar things, Be- 
e,uise of this u^ity in records and their 
iiniinpeacliahle’^ (‘vklcntial value, do- 
cinnents have become the basic tools 
of adminislrution. From whatever 
anglt' oiu‘ may eon.sich'r them, one can- 
iml blip hot conclude that their con- 
.servalioii is iiectvvsaiy, not only foi the 
use of the present generation hut also 
fur those to etiine. 

The National Archives of India with 
its headfpnuier.s in New Delhi is one of 
the few archival iii.siitnticnis in the world 
which has a full-fledged privs'crvalion 
unit inclncling a laboraKny staffed 
with trained .scicailific personnel, 
The unit is furnished with almost all 
the equipment and apparatus required 
for conservation and restoration and for 
analysing and measuring the various 
physical and chemical properties of 
paper. 

Writing Materials 

Prescivation of written records has 
certainly been a concern for learned 
people ever since the origin of culture. 
The fact that durable materials were 
actually employed for important re- 
cords is sufficient proof of this concern. 
In the beginning the records were en- 
graved on .Slone, brick or bronze. Later 
on, as a icsnll of the desire to translate 
thought into writing, materials like pa- 
pyrus, bark, parchment and leather were 
used. The dissemination of knowledge 
required the use of a substance which 
could he had in abundance at a low 
cost and be useful for writing purposes. 
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Papei fulfilled all these lequiiemenls 
admiiably Since then, the advances 
made in the field of technology and 
scientific knowledge have hcl]ped its de- 
veloiimcnt and usage. Most of our 
present day recoids and those that have 
survived aie on paper. However, like 
any other man-made material, pai^er is 
subject to deterioration. 

Causes of Deterioration 
Scientific reseaich has shown that 
deterioration in paper is brought about 
by one or moie of the following phy- 
sio-chemical factors- 

(a) Heat and exposure to light. 

(b) Moisture; it is dangerous for 
its hydrolytic power. In addi- 
tion, it favours biological 
attack. 

(c) Frequent and pronounced 
changes in tempeiature and 
relative humidity. 

(d) Acidic impurities, such as 
those present in the atmospheio 
of industiial areas, oi in dust. 
Likewise strong alkalies are 
also injurious and contribute to 
the deterioration of paper. 

(e) Oxidizing' agents. 

(f) Presence of heavy metals even 
intraccs They catalyze oxi- 
dative degradation and also the 
foi-mation of sulphuric acid 
from the sulphur dioxide pre- 
sent in the atmosphere. 

(g) Presence and use of acidic 
sizes, such as alum, rosin etc. 
and of acidic ink. 

(h) Use of fibres having low con- 
tent of cellulose and presence 
of non-cellulose materials of 
the lignin type, which are 
often acidic m nature or yield 


acidic derivatives upon decom- 
position. Such non-cellulosic 
materials are sensitive to 
dcterioiative agents such as 
light. 

Detcnoiation caused by the various 
agents enumerated above, vr/,. light, 
heat, moisture, dust xiarticlos, insects 
and acids, is different from deterioration 
associated with the normal ageing of 
Xiapier. All iiaxicrs, iiie.speetivc of the 
matciials of whieh they are made must 
deteriorate with age, in spite of the most 
ideal stoiage conditions. Such deterio- 
ration can only be minimised or at best 
retaided. 

Conservation 

Detcnoiation due to all these causes 
can be counteracted hy taking iireven- 
tive steps and this is wliat conslilutes 
conservation of documents. For iire- 
servation on scientific hues, the primary 
task is to have men who have intimate 
knowledge of the differcnL types of 
pa£)er, their mode of piodueliou, the 
effect of enviionmcnlal conditions on 
them and the materials used for creat- 
ing records, and also on those used for 
enhancing their longevity, for examiilc, 
inks of vaiiou.s kinds, cardboards, 
Xiarcbmenl, vellum, leather, textiles, 
cellulose xilastic films, adhesivi's. A 
person engaged on the coiiseivation 
work must, tlierefore, have knowledge 
of xihysic.s and chemistry be .sides that of 
architecture and entomology. 

The physical inopcrlics of paper arc 
measured by instruments devised io 
simulate the main types of sliain the 
xoaxicr may or is likely to undergo when 
in use, such as, folding, tearing, burst- 
ing, tensile etc, The effort recxuiietl to 
break the sample is usually taken as 
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its significant value. 'I’hese dctenni- 
nations are of course generalized, that 
ns, a paper withstands foldings say 
eighteen-times only, lln's test, however, 
has a high practical value when, for ins- 
tance, it predicts that one paper will 
withstand use longer than another of a 
lower folding endurance as measured 
hy the instrument. 

The chemical properties relate to com- 
position, fibre quality etc. Tliey are 
v'cr)' important because the dependence 
of durability of paper upon composi- 
tion has been definitely establi.sbed. 
Also some chemical properties are re- 
lated to mechanical strength and hence 
to durability of paper. For example, 
the mechanical strength in paper de- 
pends upon the length of cellulose 
chains, wliicli can ho detennined chemi- 
cally. One of the effects of deteriorat- 
ing agents is the breabdown of tlio 
large chains of cellulose molecules. The 
keeping quality of paper is also depen- 
dent upon the free acidity in paper. 
Determination of this free acidity helijs 
to evaluate the ageing of paper. 

Facilities also exist in National Archi- 
ves, New Dellri for deciphering of charr- 
ed, water damged or disfigured do- 
cuments, for ultraviolet and infrared 
photography, microfilming and photo- 
duplication work. 

During tlie past fifteen years or so, 
much work has been done all over the 
world on various problems of conserva- 
tion and restoration of documents, such 
as in the field of restoration, neutrali- 
zation, use of adliesives, paper testing, 
formation of standards etc. To des- 
cribe a few: 

(a) Solvent Lamination Process; This 
process was developed in 1953 in the 
National Archieves, New Delhi and is 


nnw known all over the world as the 
hulian Process of Laininatiun. In this 
proce.ss .sheets of cellnlo.si* acetate film 
and ti.s.sn(i paper are placed on either 
side of the docuim>nt in the following 
numner: 

'I’i.ssne paper 
Cellulose acetate film 
Document 

Cellulose acetate film 
Tis.siu! paper 

Acetone is first applied to the sand- 
wich of the document in the centre 
suing n non-lintiiig cloth and then wip- 
ed loward.s tlie edges. 7’Iic procedure 
is repealed on llie. other side. The 
lamiimle is then pres,scd in an ordinary 
binder’s prc'ss. In this process no heat- 
ing is rc(|iiired, 

It has now hecomo a standard tech- 
nique for restoration of documents and 
lias been adopted hy a number of ardii- 
val institutions all over iho world; the 
usefulness being limited only by the 
skill of tlic processor. It compares 
favourably with the machine process, 
developed in USA, where heat and 
presure are used. Commenting on this 
process, Dr, Joh Fapritz in tire Inter- 
national Council of Arcliives meeting 

in Stockholm stated, “ it seems that 

a suitable solution has been found for 
lamination in the restoration of single 
document which mil soon spread to 
archives all over the world." He furtlier 
stated that it is the only hand process 
for ai^plying synthetic foil and that it 
will probably make all other low tem- 
perature processes superfluous. 

(b) Development of India-7 1 The 
efficacy of this process has been enhan- 
ced by its successful mechanisation by' 
a French firm, Omnia Industrie, Paris, 
The firm has named the macliine 
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India-? in honour of the country where 
the process was developed. There are 
two models of the machine. One per- 
mits tieatment of the document on 
individual basis and the other permits 
an automati ctum-out of restored wort. 

(c) Non-Woven Fabrics for Res- 
toratian Work : Experiments have been 
conducted with synthetic non-woven 
materials with a view to replacing issue 
paper in the conventional sandwich, 
described earlier under solvent lamina- 
tion. The work has shown that terylene 
tissue paper is suitable for such work. 
Samples laminated with it, come out 
much cleaner and Lighter. It has been 
observed that much less quantity of 
acetone is required for the job. Further, 
it has greatei tearing strength, more 
flexibility and greater folding endurance 
than the one laminated with tissue pa- 
per. The repair sample is much more 
mechanically and chemically homo- 
geneous than the conventional sand- 
wich and therefore, not liable to un- 
balanced streasses due to change in the 
moisture content and temperature of the 
atmosphere, 

(b) Neutralisation: Acidity is one of 
the causes of deterioration of paper. It 
is essential to neutralize it prior to eff- 
ecting restoration. A number of pro- 
cesses involving the use of substances 
such as calcium carbonate, magnesium 
carbonate, ammonia, and cyclohexy- 
lamine carbonate have been described 
in the literature. 

A process that has been studied re- 
cently involves the use of tlie sodium 
salt of carboxy-methyl cellulose. It has 
been observed that the neutralization 
effect, brought about as a result of the 
use of this material, remains even after 


heat-ageing. However, the healed pa- 
per becomes stiff, ll was observed that 
if a non-volatile plaslicizei' is added to 
CMC, which is a polymeric cellulose 
derivative, it helps to maintain the 
flexibility of the treated paper. It was 
also notieed that the folding endurance 
of the treated sample is increased to 
such an extent that the fold-endurance 
even after ageing remains almost sup- 
ciior to that of the original untreated 
paper. 

(c) Adhesiocsi A thorough study of 
various natural as well as synthetic ad- 
hesives has been made by the Inter- 
national Council of Museums, and a 
UNESCO sponsored body. As a result 
of this a number of synthetic adhesivc.s 
which can be used safely for consei-va- 
tion work have been detailed and dcs- 
ciibcd. Another study conducted by 
the author in 1965 emphasized the use 
of alkaline adhesive lor the repair of 
old documents. The use of alkaline 
paste is now being recommended and 
adopted universally. 

(f) Fonnation of Standards: A num- 
ber of papers in use in the various offi- 
ces of the Government of India vyere 
tested by the authoi and found to be 
of inferior quality, Tlie efforts of the 
National Archives since then have result- 
ed in a standard for pennanent record 
paiicr. nic standard was published by 
the Indian Standards Institution in 1961. 
Paper made according to the spceiftca- 
tions laid therein is expected to have 
reasonable durability and lasting quali- 
ties. 

However, Mr. W. J, Barrow of USA 
has developed a printing paper whicli 
is expected to last for about 300 years. 
His study was sponsored by the Coun- 
cil of Library Resources Inc. of USA. 
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This paper is coiiiposeil of \u*ll piiii- 
fied cheiiiieiil lihies'-oiic third 
one tliiul sulphite ami one ihiitl soda. 
It is fillisl with lOtr clay nud Khl eal 
ciiiin carbonate added in the heater. It 
is niaeliiiK'-si/ed willi Aqiiapil-a si/e 
compatible with alkalinity. It is sur'- 
face si/.ed witli a 7'.1 starch solution and 
has a pH of 9,(K) (cold extracliou). It 
is cstinuited llnil after ageing for 3B 
days at 100"C, 407o of fold and 7571 of 
tear values will bo letaincd, thus giving 
a theoietieally useful life of at least 
300 years, 

Miscellaneous Work 
An interesliiig pheiioiiieiion ha.s been 
noticed with old papers reei'iitly. It 
has been observed that when the cut or 
shreded portion of an old paper is cover- 
eel with water and if a ling of filter 
paper is inserted to act as a wick for 
eluting and concenlraliiig, the water 
soluble material a brown ring besides 
others is found on the top half-inch of 
the ring of filter paper, This water 
soluble material has been analyzed and 
found to have a formula CiaHisOm 
(M.W 322), The c.xpeiimenls were re- 
pealed with papeis of known composi- 
tion and date of manufacture. After 
ageing lliem for 9 days at 105° C, it was 


ohsnved that rings weie found on the 
filti’i' p.ipcr whieli were similar to the 
(Hies iihlained with old paper, 

II is well known that the age of a 
liee isiii })(■ d(’teniiiiied by lh(‘ number 
of eoncentrie annual rings in the trunk 
of the (tee. On the analogy of this, 
eaii die age ol pajier he deteimineii 
horn the analysis of the organic coni' 
pound in the rings obtained from old 
paper? \Toik on this line is in pro- 
gress. A hieaklluoiigh will provide a 
new process ol dating gf old docu- 
ments. 

Tlie other problem that needs care- 
ful study is availability of proper type 
of imUeiials suitable for cHuisorvation 
and resloiation work. These days be- 
eausi' of till' advance in technology 
many synllietie materials arc being 
oil (‘red for llu; work. Indi.seriminate use 
of sneh materials i,s likely to re.snll in 
more harm to the document tlian good, 
The only sure way is a coinplele scienti- 
fic investigation. 

To those who ask, what is a chemist 
doing in an m chive, it may bo said that 
lii.s is a coiislaiiL vigil and war against 
the deteriorative agents of paper for 
.safeguarding the nations culluial herit- 
age for yeaivs to come. 



Microelectronics 

Today 

B. H. Venning 


T hose famiUar with the develop- 
ment of electronies over the past 
fifty years think of miniaturization as 
a trend that has long continued. The 
original valves made the eleclrio 
lamps, but then developed towards 
the miniature and sub-miniature fonms 
still in use in many stages of television 
leceivers and hearing aids. Mobile 
transmitling stations wliich originally 
required a caid or van to achieve 
mobility evolved to man-jpack or hand- 
held walkie-talkie sets, whilst receiveis 
weie reduced to handbag-size transis- 
tor sets. 

Why, then, has the advent of micro- 
electronics in the past few years creat- 


ed such interest and caused much head- 
scratching concerning the ultimate 
changes it will cause in the electronic 
woild? The obvious factors of reduced 
size and weight arc significant only in 
some applications, such as computers 
for satellite, lockct or airborne use. 
The smallest size of many pieces of 
equipment is governed by such items 
as contiol knobs, and interconnection 
plugs and sockets A radio receiver, for 
instance, has to carry tuning and volume 
controls which can be manipulated, a 
dial which can be lead easily and a 
loudspeaker large enough to reproduce 
at least some notes faithfully. For mic- 
rocircuits to have any impact on the 
domestic television market, the advan- 
tage cannot be in the ‘micro’ aspect as 
the size of the set is determined by 
the viewing screen area, and not by the 
associated circuits. 

Tlie real causes of the impending re- 
volution are to be found in the factois 
of nniiroved leliability and the e.xpee- 
lation of moie economic iiroducLion 
once large numbers of such circuits 
come into use. For the first time a 
iiiimbei of active devices (the iiower- 
pioduciiig transistors) and iiassive com- 
ponents (the resistors and capacitors 
that deteimine the function of a circuit) 
can be fabricated at the same time with- 
in a single, package, in a controlled 
sequence of operations that then jiro- 
ducc the complete circuit. Priiviously, 
assembly has always bccm from indivi- 
dual components, each one soldered 
into position even if the intcrc'onneclioiis 
have made use of pointed circuit-wiring. 
Small components have produced minia- 
ture assemblies, but handling difficulties 
obviously limit the ultimate reduction in 


Heprinted from the Times Science Review, Winter, 1965. 
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iiize, Micromiiiialurization is now ac- 
L‘«ptc‘cl as starting at a i^acking dei>sity 
exceeding five parts per cubic indi, 
u'hidi can be acliioved witli sub-iniuia- 
ture cniivenlional components carefully 
assembled in random or unifonn geo- 
raeliy. At this stage, reached some years 
ago, the main difliculty was to make 
satisfactory interconnections in the limit- 
ed space available. Now the earlier 
mclliods are oversliadowed by the pro- 
duction of truly integrated circuits de- 
\‘cloped from techniques used in tran- 
•sistor manufacture, achieving packing 
densities of 200-1,000 components per 
cubic inch in production equipment, 
and up to 10,000 in experimental items. 
The microciicuit modules arc produced 
under conditions where absolute con- 
trol of purity is essential, and the small 
weights of maler-ial involved allow the 
liberal use of irreeious metals such as 
gold. A number of components are 
produced on a single sheet, complete 
with interconnecling paths, so the num- 
ber of joints is a minimum and most 
of these concern only the external cir- 
cuits. All these conditions foster good 
reliability, and as automation is essen- 
tial for the production process, tire eco- 
nomics are favourable once large-scale 
use is achieved. 

Tiro basic manufacturing techniques 
employed produce eitlrer tlrin-film cir- 
cuits (T.F.C.), semiconductor integrat- 
ed or ‘solid’ circuits (S.I.C.), or hybrids 
combining the most desirable features 
of both. The passive components (the 
resistors, capacitors, and inductors of 
low value) of a T.F.C. together with the 
interconnecting paths, are formed by 
deposition of a thin, conducting film on 
a flat glass or similar substrate. It is 
not yet possible to form active semi- 


c-onductor devices orr a commercial scale 
by the same means; .so transistors and 
diodes of suitably surall dimensions have 
to be at Inched to the sirbstrate separa- 
tely, but irot necessarily by hand as the 
process carr be automated. Tliis type 
of circuit is rirost suitable when the 
ratio of passive to active components is 
high arrd when the \>aIuos of the passive 
components have to be accurately con- 
trolled. 

Solid or semiconductor integrated cir- 
cuits have grown out of the planar pro- 
cess used for tnrrrsistor manufacture, 
which lends itself to the production of 
a large rrnmbcr of tnrnsistors (jrossibly 
severtil hurrdred) orr a single silicon 
slice, an irreb in diameter. Tills same 
area of silicon carr be devoted to a 
nrixturo of transistors and drodcs with 
inlerconucctirig paths formed by zones 
of specified resistance, Three-dimen- 
sional geometry allows the production 
of ‘cross-overs' where paths cross with- 
out resistive connexion, and capacitors 
can be formed from parallel films or 
from semiconductor jmretions. The fun- 
ction of the different zones is deter- 
mined by selective ‘doping’ in successive 
operations, and the circuit is indeed 
solid, with no external connections to be 
formed between active and passive com- 
ponents. A typical combination of nine 
active and six passive components con- 
stituting a high-gain, low-drift amplifier, 
occupies a chip size only O.OS in, by 0.05 
in. before encapsulation. There are 
certain limitations in the values of resis- 
tors and capacitors wliich can be obtain- 
ed, and control of these values is not 
as precise as with a T.F.C.; so this type 
of circuit is at present more acceptable 
for a high value of active to passive 
components, although it is also -being 



MICROELECTRONICS TODAY 


19 


used with great success in feedback 
amiiliflcr circuits such as the example 
just quoted. 

There are obvious situations where it 
is desiiable to combine the best fea- 
tures of both types, leading to hybrid 
circuits which contain passive com- 
ponents of critical values formed as a 
T.F.C. on a substrate, with the active 
devices and less critical components 
formed as one or more S I.C. chips. In 
all these circuits, the larger values of 
capacitors needed for electrical decoupl- 
ing and nearly all inductors have to be 
added as external. units, as these cannot 
be incorporated in integrated form. 
One difficulty experienced with silicon 
circuits arise.s when it is necessary to 
ensure isolation between adjoining 
transistors, and dielectric regions have 
to be added if the original monolithic 
stiucture is to be maintained. The 
circuit can, however, be divided physi- 
cally into separate chips which are then 
remounted on a non-conducting sub- 
state. Isolation is now achieved at the 
expense of introducing more intercon- 
nections between the various drips and 
to the external pins. The final encap- 
sulation of either type of circuit can 
be a miniature TO-5 transistor can 
(0.25 in. diameter) with leads emerg- 
ing from the base, or one of several 
plastic 'flat packs' of a size dictated by 
the enclosed substrate, and connexions 
taken via rigid pins at the sides. 

The basic operation involved in pro- 
ducing a T.F.C. microcircuit is to de- 
posit a suitable iiattem of a thin con- 
ducting film of the correct dimensions 
on an insulated substrate, together with 
the necessary internal interconnections. 
The substrate is usually a highly polish- 
ed flat sheet of borosilicate glass (typi- 


cally 0.05 in. thick) similar to a mic- 
loscope slide, or a sheet of alumina 
glazed with a similar glass, the alumina 
being introduced to provide better ther- 
mal conduction to a heat sink. De- 
po.sition on to an active substrate silicon, 
is also used in the preparation of hybrid 
circuits. 

A typical sequence of operations is 
as follows : 

1. A conducting layei of nickcl- 
chroinium, or of a silicon monoxide/ 
chromium mixtuie is formed on 
the substrate by vacuum deposition, 
i.e., by heating in a vacuum chamber 
m which the lequired metal is evapora- 
ted from a separate crucible. 

2. This layer is coated with a photo- 
sensitive lacquer (a photo-resist), and 
covered with a photographic negative, 
prepared by suitable reduction to define 
the required pattern. 

3. Exposure to ultra-violet light 
produces a light-harilened image which 
can be developed to give an exact entry 
(0 0001 in.) of the required pattern 
as a piotective layer on top of the thin 
film. 

4. Etching in a solvent dissolves un- 
wanted metal to exirose the hare sub- 
strate, and the photo-resist is then re- 
moved by a furtber solvent to leave 
the required pattern of metallic resis- 
lois. The dimensions can finally be ad- 
justed, if necci.ssary, by cutting with a 
suitably directed jet of fine abrasive. 

5. Interconnections of gold, alumi- 
nium or manganese can be formed by 
depositing one of these on top of the 
nickel-chromium, followed hy selective 
etching to foim the required piallcrn. 

The sheet lesistance of a typical layer 
of nickel-chromium, 100 angstroms thick 
is 100 to 300 olims/squai'c (this being 
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iiKlt'pciult'iit of till' chnice of linear 
iiiiils), wliilr that of ciTinet is at least 
leu limes largt‘r. Kesisltirs from IK 
ohms to lOO.OOl) oliitis can he nhtaineil 
to live per cent tolerance, Capaeilor.s 
are fornietl l)y a .seties of .seleclive etch- 
ings that leave a liutlom eleetiode of 
gold (or aluininimn) covered hy a die- 
leetric of .silicon niontiside and a top 
electrode of aluininiuni, olrlaining vahuvs 
of 20-200 picofaiads. Inductois have to 
he. made from a spiial-.shaped pattern 
and only small valucss heltnv 10 micro- 
henries arc iiossihlo, which ricverlhclc.s.s 
find applicalion.s in many radio-fer- 
cpiency circuits operating lictwcen 10 
and 100 incgacyclc.s a .scctond. All the 
components ,so produced hav'c good 
tolerance (five' per cent), high .stability 
and u low Icmireraturc coefficient (less 
than 0.2 per cent per degree centigrade), 
i.e„ they can be clas.sccl a,s 'high qualUy.' 

Active devices for incorporation in 
tliin-film circuit.s are either normal 
transistors encapsulated iu .small cans 
(0.125 in. diameter) or arc specially 
constructed to have the three electrode 
connections on the same face, so that 
the chip (a ‘fiip-cliip’) can he mounted 
directly on to a suitably prepared re- 
gion Q ftlie TFC using automated 
assembly. Much experimental work is 
in progress to produce the active de- 
vices directly hy thin-fllm lechniquos, 
but this is not yet a commercial pro- 
position, 

The final substrate, complete with any 
added components and active devices, 
can either be encapsulated on its own 
to foim a flat-pack with leads spaced 
around the edges, or combined with 
other prepared' substrates to form a 
packaged module, equivalent to per- 
haps 500 or more conventional com- 


pmu'uts. in a few cubic inches, 

Another icccnt development intro, 
duel's ‘thick’ films instead of thin ones, 
iitili/ing .screen printing techniques to 
produce the icipiircd pattern. The de- 
gree of cmiliol is not as high as in the 
vueuuui proccs.s, hut it .should he more 
economical for small quantities as the 
coiiqilicaled vncimm cipiipnumt is not 
required. 

•So/W CiirtiK I'n'Imcilofrij 

The semictmduclor (or silicon) inte- 
grated circuit, nr '.solid' circuit, is truly 
iiiU'giiUed ill the sense that both tire 
active and pa.s.sivc device, s are manu- 
facturi'd from a .silicon wafi'r by diffu- 
sion prnccsM'.s developed from those 
used in till' manufacture of planar epi- 
taxial Iran.sislois. Tlii.s method ha.s, over 
the past few years, become the most 
satisfactory way of making liigh-fre- 
qiicney low-power transistons at an goo- 
nomic price, and as the phy.sical dimen- 
sions of these must be small to obtain 
the good frequency response, they are 
nuiimfnelurcd in a large number (possi- 
bly 200 or more) on a single wafer of 
silicon a few square inches in area, be- 
fore being separated for selection and 
encapsulation. The term ‘planar’, or 
surface passivation refers to the use of 
a chemical film layer (silicon oxide) 
over the surface of the semiconductor 
material to provide cleclTical and chemi- 
cal .stability; diffusion is allowed to lake 
place only at selected areas via holes 
etched in this surface, Epitaxial growth 
is used to provide a layer of high- 
rcsistivity silicon at the active surface 
of a low-resistivity wafer, the transis- 
tor junctions being grown in this region, 
giving an improvement in botlr high- 
frequency and switching performance. 
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The planar process involves, 

1. Preparation of the surface of the 
silicon substrate, about 0.015 in. thick. 

2. Oxidation of the surface layer to 
silicon dioxide, by passing steam over 
the heated 'wafer, 

3. The formation of suitable holes in 
this protective layer by photo-engrav- 
ing, using masks, photo-resist and etch- 
ing as for thin-film cucuits, except that 
the photo-negative now carries multiple 
images to prepare a large number of 
devices at a single exposure. 

4. Diffusion of a suitable doping 
mateiial from a gas into the heated 
snbstiate. 

5. A repetition of the above via dif- 
ferent masks and using different dop- 
ing material to form the vanous active 
regions, finally adding the contact areas. 

The production of integrated circuits 
simply involves the substitution of re- 
gions of suitable dimensions to act as 
resistors, conductors and capacitors con- 
nected between adjoining transistois and 
diodes. No large changes in techniques 
aie involved, but considerable ingenuity 
can be employed in the layout to obtain 
suitable bridges for cross-connections, 
and to isolate adjoining active regions. 
A typical strip prepared for a resistoi 
will have a sheet lesistance of 100 
ohms/sqiiaie, of a similar order to that 
of a thin-film resistive layer, so geome- 
tric dimensions are similar. Widths 
may be as low as 0.5 to two ihoiisandlhs 
of an inch, but the best tolerance 
obtainable is 20 per cent, and the 
thermal sensitivity of the silicon leads 
to temperature co-efficients of 0,1 per 
cent per degree centigrade, or about 
ten times that of thin films. 

The monolithic silicon circuit, with all 
its active components on the same 


wafer, suffers the disadvantage of poor 
isolation between regions because it is 
not irossiblc to obtain veiy high values 
of resistance, and theie is a basic capa- 
cilative coupling inherent in the semi- 
conductor junctions formed in the pio- 
ccs.scs. Impoivcd isolation can be 
obtained by intiodiicing regions of 
dielectric between the active deidccs, 
but in many cases it is better to cut tho 
original wafer into individual chips, re- 
mounting these on a passive substrate. 
This entails additional interconnections, 
thereby throwing away one of the ad- 
vantages of solid circuits, but if this 
penalty is accepted then the hybrid 
ciicuil results. The most desirable fea- 
tures of the two techniques can then 
be combined, coupling tho high-tpiality 
components of the thin-film circuit willi 
the cheaper, less precise blocks of the 
solid circuit. 

Reliahilily and Economics 

The lehability of a conventional ele- 
ctronic system is all too often rathei 
poor when it contains tens of thousands 
of passive and active components and 
hundreds of thousands of joints, wlic- 
ther they arc formed by soldering, weld- 
ing or wrapping, To eliminate many of 
the joints, produce all your component.s 
under identical conditions of high chemi- 
cal cleanliness from ultra-pure materials, 
oncapsnlato them to avoid atmospheric 
contamination and finally make thmn all 
so light that mechanical .shock imposes 
only the minimum oi vibrational foices 
—and the main causes of unreliability 
must disaiipear. Miciocircuils do just 
these things, and the reliability of equip- 
ment using them can be expected to bo 
supenor to that obtained from conven- 
tional circuits, although this point obvi- 
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ously takes time to prove. 

l!nl(‘.ss the appliratioii is such that 
the advantages of small volume, and low 
vveijj;ht outweigh all other coiusidera* 
tioms, microcircuits of any type arc only 
justified economically if large enough 
(luantilies of .similar types can be pro- 
duec'd. Such lyroduclion runs are the 
dreams of every manufacLurei. They 
can he obtained most easily in the con- 
struction of digital-type equipment, 
which ulili'/c.s large number of identi- 
cal logic circuits. Hence, ranges of 
these arc available from many manu- 
facturers, at prices not gi'cally in ex- 
cess of the cost of constniction from 
individual component.s, For amplifier- 
type circuits, some basic combinations 
are available at similar prices, hut it 
becomc.s dilficuU to .specify circuits 
which are basic enough to be made in 
the large mimbeT.s necessary for econo- 
mic production, 

The employment of integrated circuits 
of any type leads to a problem of sys- 
tem design rather than one of circuit 
design, which has been the traditional 
approach of the circuit engineer until 
the past few years. The customer who 
buys the modules from the shelf is no 
longer concerned with the correct ad- 
justment of the condition of individual 
transistors, his prime job now being to 
ensure the correct matclring of one 
module to the next, adding external 
components where necessary to evolve 


u sy.stem which satisfies the desired 
.specification. An engineer concerned 
with manufacturing the devices meets 
an even greater challenge: his ciicuit 
design must now be integrated, quite 
liti'rall)', with fabrication tccbnirpies, 
The last few years have seen the in- 
Iroduetion of .several new British com- 
puters using integrated circuits in quan- 
tity, some using imported device.s while 
othens are manufactured completely in 
this' country. The makens of micro- 
circuits are busy producing cost graphs 
.showing optimistic projections into the 
nineteen-seventies wlieii it is anticipated 
that the ttist per unit will be consider- 
ably less than that today. At the pre- 
.sent time the economic advantage aris- 
ing froin their u.se is only marginal. 
Thi.s IS es.senlially an cvahmiion period 
for the i:(j[uipmcnt manufacturer on the 
commercial side and for service users 
on theirs, for testing the claims of the 
producers, particularly the all-important 
reliability aspect, and for matching the 
economics of using the devices at their 
present cost against tlio more traditional 
manufacture from individual com- 
ponents, 

There is eveny indication that the 
claims will be substantiated, and that 
better and cheaper equipment of many 
categories will result, in which case in- 
tegrated circuits will become the ac- 
cepted loobniquo for use in any equip- 
mciii in quantity production. 
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f'pHE main objectives of teaching 
science subjects at the school stage 
are to give pupils systematized know- 
ledge of the bases of science, to en- 
sure that they comprehend scientific 
facts in the light of modern theories, 
to develop in them certain experi- 
mental and manipulative skills, and to 
enable them to acquire a scientific 
outlook. The UNESCO Expeiirpental 
Project therefore attaches great im- 
portance not only to the proper selec- 
tion of material (content of teaching), 
but also to the choice of teaching 
methods for achieving these objectives. 

A lesson in any science subject may 
be taught by any one of the different 


methods of teaching discussed below 
or by a combination of two or more of 
these methods. 

Let us examine the various methods 
of teaching and their classification and 
consider their use according to the 
specific character of the contents of the 
school subject. 

Methods of Teacliing and their 
Classification 

Tlie word ‘method’ in Latin means 
mode’ or ‘way’. This word may ex- 
press various meanings. In pedago- 
gics it means the method by which the 
mateiial to be taught is communicated 
from the teacher to the pupil. 

The teaching methodology of a suli- 
ject is a pedagogic science and it is 
closely interwoven with the content of 
the subject, In teaching a science suli- 
ject, the following problems are in- 
volved: Why do we teach? (aim and 
tasks of education in that subject); 
What do wc teach? (content of the 
subject); In what way do we teach? 
(methods of teaching and organization 
of the school programme); How do 
children study? (the process of learn- 
ing). 

Hence the problem of methods is of 
great importance. 

Melhods of teaching may be defined 
as the methods by which the teachers 
Impart knowledge and skills while 
leaching, and the jiupils comprehend 
the knowledge and acquire the .skills 
in the process of learning. 

This definition emphasiz(‘s the fact 
that the process of teaching is a two- 
way process and is composed of teach- 
ing (teacher's activities) and learning 
(pupil’s activities), There exist several 
methods of teaching and they need 
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classificatioL. lliey may be classified in 
tlie followinp; gioups; 

L Verbal methods (nanation, lec- 
tures, talk etc,), 

II. Methods employing visual aids 
in teaching ( ob.servation.s, the de- 
monstrating of charts, films, 
slides, models etc, by the tea- 
cher). 

III. Methods of practical tc.achirig 
(laboratory experiments, labora- 
tory work, preparation of appara- 
tus and models etc.). 

Pedagogic re, search convincingly 
proves that we can not cx'clude any 
one of them, and that all the three 
groups of methods of teaching arc to 
be used in combination. Still we 
choose one of them ns the main method 
in a lesson. If the pupils react quickly 
to an object then llio teacher uses the 
practical methods. If it is enough to 
demonstrate an object or its image, the 
teacher chooses observation methods. 
Let us discuss each of these methods 
in details, 

I. Verbal Methods. 

Tiro 'word’ is one of tire main sour- 
ces of knowledge, The teachers and 
pupils widely use oral and written 
speech in lire process of teaching and 
studying science subject. A word, utter- 
ed and heard, really gives an abstract 
concept, According to Pavlov, the 
Academician, "word being so charac- 
teristic of man is already abstract in 
itser. 

But one should not confuse verbal 
methods with verbal teaching. By 
‘verbal teacliing’ we mean such a me- 
thod of teaching in which no other 
metlrods but oral are employed (tea- 
cher’s narration and pupils’ reaction). 


Oral mctbotls of teaching differ from 
‘Verbal Teachitig’ .since they are used in 
eoinhination with other methods. 

\Vc distinguish the following forms of 
tlie oral method of leaching: 

1. Narration. 

2. liCclnre. 

.3. Talk. 

4. M^irk at a book. 

7 6 2. Narralion and Lecture; They 
envisage onc-sided delivery of material 
by the Icacber or pupil. 'Ilie term 
‘narration’ i.s applied to the act of des- 
cribing objects, c,vplaining the essence 
of phenomc'na and the processes. It 
makes pupils comprehend the new 
material .systimatically. For example, 
narralion may be adopted when the 
teacher wants trr tell pupils about the 
structure and functions of a certain 
system of organs in Iriology. In this case 
the pupils actively listen to the teacher, 
visually comprehend the demonstra- 
tions, and make drarvings and sketches. 
By active listening, is meant pupils’ 
concentrated attention, their ability to 
give correct answers to questions put 
by tire toaclicr in the course of the less- 
on, and to express their opinion etc. 

Verbal narration, as a rule, contains: 
introduction, narration itself and con- 
clusion. Introduction aims at motiva- 
tion, brings in the aim of narration and 
attracts the pupils’ attention. Then 
comes lire narration of the new material 
in right sequence, Tire conclusion 
should be aimed at generalization and 
systematization of the introduced mat- 
erial. The teacher’s narration should 
be simple for pupils’ comprehension, 
Witli this aim in view, the teacher 
should report in clear and distinct ex- 
pressions avoiding a large number oi 
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special or technical terms. It is neces- 
sary that the new material should be 
correlated with the previous one, al- 
ready known to pupils from previous 
lessons or theii’ life experience. For 
example, in class VII while introducing 
‘oxygen’ the teacher refers to the 
knowledge already accumulated by 
pupils, and reminds them of the ex- 
periment of heating mercuric oxide 
and the liberation of oxygen. He teDs 
them that the Swedish Scientist Scheele 
for the first time obtained oxygen in 
1771. Later on, the same experiment 
was repeated by the English chemist 
Piiestley, and then the French scientist 
A. Lavoisier who studied the properties 
to this substance and named it oxyge- 
nium-oxygen. Then one may narrate the 
chemical propeities of oxygen. 

Thus pursuing the principle of com- 
bining teachers’ word with the demons- 
tration of a phenomenon, a natural 
object, or its model, it may be 
emphasized that the teacher’s narration 
should be closely interwoven with 
visual aids, demonstrations and labora- 
tory experiments. A pure lecture is 
very larely used in teaching science in 
school. A lecture is characterized by 
more complicated contents and is 
usually applicable to the senior classes 
(IX-XI). 

In general, a lecture has much in 
common with narration. It should how- 
ever be illustrated by visual aids, de- 
monstrations, laboratory experiments, 
films etc. A school lecture comprises 
complicated generalizing material of 
theoretical character (for example, val- 
ency of elements based on the theory 
of the structure of atoms in chemistry, 
theories of evolution in biology. Law 
of conservation and transformation of 


energy in physics). It may be devoted 
to a description of the scientific activ- 
ity of an outstanding scientist (for 
example, D.I. Mendeleyev’s discoveiy 
of the Periodic law in chemistiy, 
Dai win’s contribution to biology). 

The following important require- 
ments of narration and lecture should 
be kept in mind. 

1. Figurativeness, vividness, pic- 
turesqueness of delivering. 

2. Sequence of ideas in explaining 
the main problem. 

3. Validity of concepts and ideas by 
examples and facts, making con- 
clusions, summarizing. 

The pupils should be taught to 
deliver naiTations and lectures to their 
classmates. 

But both narration and lectme arc 
always used only in combination with 
the other methods. During a narration 
01 a lecture, the teacher should demon- 
strate experiments, .show models, charts, 
natural objects clc. This is the correct 
way from the point of view of methods 
of teaching. 

3. Talk: Pupils activity is high 
when the introduction of new material 
is brought about with the help of an- 
odier type of verbal method, a talk, 
which envisages a sequence of well 
thought-out questions, put to pupils 
during the teaching process. 

Talk may be delivered at a lesson- 
in case: 

(i) It is possible to refer to the pre- 
viously received knowledge. 

(ii) It is possible to refer to pupils’ 
life experience. 

(lii) The teacher is demonstrating an 
object. 

In most cases a talk is addressed to 
the whole class, which acts as a collec- 
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live intiTlocLitor. In a talk one can Pupils: The seed is covered by coat. 
\vilnc.ss piipil'.s active participation. It coasLsls of two cotyledons, has a 


Talks may In; of several kinds. From 
the point of view of pcclaRogy, an “lieu- 
rislic" talk whicli makes pupils draw 
conclusion from available data, i.s very 
valuable. Similarly while generalizing 
and systematizing pupils’ knowledge 
‘generalizing talk’ and while checking 
and estimating pupils’ knowledge ‘con- 
trol talk” may be employed. Tlie aim 
determines the type of talk. But strict- 
ly speaking one can not bo differentiat- 
ed from the other, Thus heuristic talk 
envisages a system of questions answer- 
ing which the pupils themselves come 
to comprehending chemical or physical 
phenomena and to certain conclusions. 
Heuristic talk is extremely useful when 
the material has accumulated reason- 
ings. 

Suppose the teacher delivers a talk 
on the morphology of a bean seed (VI 
class botany). All the pupils arc given 
bean seeds, after that the teacher a-sks, 
— Wliat is it that covers a seed? 

Pupils: Coat, peel, veil etc. (the 
teacher cliooses the correct answer.) 
Teacher: Wlrat is the colour of the 
bean seed? 

Pupils: Brown, black etc. 

Teacher: Wliat appears when the 
coat is peeled off? 

Pupils: Two halves. 

Teacher: Tliese are two cotyledons; 
move them apart, what is there between 
them? 

Pupils: Leaves, bud, rootlet, tendril. 

Teacher: Examine through a magni- 
fying glass and find out to what is the 
bud attached, 

Pupils; To a stem. 

Teacher: What is the structure of 
the bean seed? 


ronllel, bud and stem. 

Now the teacher asks the pupils to 
write down their conclusion and to 
sketch the slmcture of the bean seed. 
For the sake of rceapilulation the tea- 
cher may ask pupils to enumeiate and 
.show on a chart the parts of the seed, 
lliis talk is closely interwoven with 
practical work. 

A talk may be ba.sed on the demon- 
stration of an experiment, a chart etc, 
TI)c teacher should always take care to 
ask the correct questions in right sequ- 
ence. Having estimated the answers, 
he .should be able to compose new 
ones. 

Genernhying talk summarizes, syste- 
matizes and consolidates pupil’s know- 
ledge. For example at the end of the 
lesson 'Molecular .stiaicture of sub- 
stances’ (VII class chemistry) the tea- 
cher ]?ut.'! the following questions 
serially: 

(1) Wmi experiments can prove that 
a substance is composed of very 
very tiny particles? 

(2) How can it be proved that mole- 
cules arc always in motion? 

(3) 'Wliat is diffusion? Give some 
examples. 

(4) Explain what happens; when ex- 
posed water evaporates in a tray, 
or smell of spilled benzene 
spreads. 

From die very first lesson pupils 
.should gel accustomed to the idea that 
all the material introduced by teacher 
should be understood during the lesson. 
This load need not be shifted to home- 
task. At home pupils have only to 
consolidate the material read by them 
in the text book. 
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The consecutive realization of this 
requirement will result in the active 
participation of pupils in the teaching 
process. 

4. Work at a Book: Developing 
pupils’ ability to work at a text and 
picture must become a part of the pro- 
cess of teaching. They should be able 
to work at a book not only in school, 
but at home as well. 

It is important that the teacher 
should organize a variety of work at a 
text-book for pupils. 

(i) Retelling of the text: This method 
IS often resorted to at school. It helps 
pupils consciously compiehend the con- 
tents of the theme, promote their 
speech and thinking. Retelling of a 
text should begin with most easy mat- 
erial (e.g. monographic description of 
a plant, its application, characteristics, 
structure of its parts.) 

(ii) Explanation of pictures and ske- 
tches: This type of work envisages. 

Pupils’ enumeiating the parts, for ex- 
ample, of a seed ( all the labellings 
should be coveied with a piece of 
paper); checking of the fulfilled task; 
describing the outer structure of a tree 
from its picture; detecting by schemes 
the corresponding pictures of flowers 
etc. 

(iii) Ansioering questions: The tea- 
cher may resort to tlie questions given 
at the end of each paragraph or frame 
his own questions. Teachers’ putting 
questions on the text and pupils’ 
answering them are very useful. 

(iv) Working out of a plan to the 
text. The teacher employs this method 
when pupils work at a complicated 
text, embracing a number of difficult 
problems (e.g., composition and pro- 
perties of soil; types of stems; types of 


vegetative reproduction). A plan may 
be composed by pupils to the para- 
graphs dealing with generalization and 
deduction, 

(v) Looking for some additional facts: 
e.g. pupils may refer to monocotyledo- 
nous and dicotyledonous or to plants 
having different type of roots. 

(vi) Conducting of an experiment or 
observation according to the textbook: 
Textbook instnictions and tasks help 
pupils mtcgiate and comprehend theory 
and experiment. Thus, pupils may 
conduct experiments showing the im- 
poitance of water and air in seed ger- 
mination; evaporation of water from 
leaves; results of root grafting; fonning 
of the crown of a tree, 

Woik at a textbook is closely inter- 
woven with pupils’ work at his notes. 
Pupils may pieparc notes and sketches 
in their biology note-book not only dur- 
ing the lessons, but at homo as well. 
Such notes and sketches may be on: 

1. Writing down of the syllabus 
and lesson themes: 

2. Writing down of tlie plan of the 
lesson and sequence of main pro- 
blems: 

3. Writing down of hometask. 

4. Writing down of deductions and 
conclusions: 

5. Composing of comparative sche- 
mes and classification charts, 

6. Sketching of the schemes for 
setting an experiment; fixation 
of the results of an e.xperimenl. 

7. Writing down of independent 
work; book review etc. 

It should be always kept in mind 
that pure verbal methods lead to 
pupils’ memorizing words without cor- 
rect and concrete visualization and 
comprehension of objects and pheno- 
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mena described by the words. To 
achieve a correct forming of ideas and 
notions it is necessary to combine ver- 
bal metliods with illustrations and de- 
monstrations, visual aids and practical 
works and experiments. 

IL Methods Employing Visual Aids in 
Teaching 

Tlie demonstration of objects by 
teacher is widely used in leaching a 
science subject. The metliods of obser- 
vation arc of utmost significance in this 
method. 

Ohseruations 

Demonstration of objects and pheno- 
mena, charts, drarvings, niodc‘l.s etc. 
must be widely used in a lesson. TTiis 
helps pupils comprehend the introduced 
material correctly and profoundly. 
Methods of observation are based on 
the combination of word and image. 

A folk proverb runs: “To show once 
is better than to narrate ten times”, 
Metliods of observing envisage inter- 
weaving forms of activities, demonstra- 
tion by teacher and comprehension 
(observation) by pupils, Hence, while 
using methods of observing one should 
stress the unity of teaching and learn- 
ing. 

There exist three forms of their 
combination. 

1. Image before word, 

2. Word before image. 

3. Word and image interwoven. 
Psychological research has proved 

the first and especially (lie last forms 
being most effective from the point of 
view of pedagogics. 

The uses of visual aids should satisfy 
the following mam requirements; 

(a) A demonstrated object or its ex- 
pression on a chart should be well 


observed by all the pupils. 
Therefore il.s dimensions or scale 
.should be taken into considera- 
tion. 

(Ii) Small objects and chemicals 
should be distributed among 
pupils or shown by teacher to 
each of the pupils. 

(c) During clcmionstration pupils 
should have in front of them only 
the neccs,sary visual aids. 

(d) Diagrams of processes of pro- 
duction facilitate the foimation of 
pupils' concepts only when they 
focus their attention on the main 
and substantial iiroblcms from tlie 
point of view of studying general 
principles of technological pro- 
duction, In building up concepts 
of iiidiKstrial proces.scs models of 
typical apparatus are of great aid. 
They may be made of various 
material; plywood, paper, tin etc, 
A model should be made of the 
disassembling type, giving an 
idea of the outwaid appearance 
and the inner structure of an app- 
aratus. While making models 
one should keep in mind the scale 
and general diagrams of processes 
of production and of apparatus. 
Models may be made by pupils 
during the Science-club activi- 
ties. 

Tire four means of observation are 

through: 

(i) Demonstration of natural objects; 

(ii) Demonstration of charts and 
models; 

(Hi) Chalk drawing; 

(iv) Demonstration of slides and 
films. 

Let us now examine all these forms, 

1. Demonstration of natural objects: 
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Pupils’ knowledge of science is inconi' 
plete and foiinal, if they are not ac- 
quainted with the environment of the 
theme. The teacher should demonstrate 
during lessons, natural objects, (for ex- 
ample plants and animals in biology, 
natural gases and ores in chemistry). 
This facilitates study of nature in its 
natural forms. 

It is veiy important that a complete 
observation of the appearance of live 
objects be arranged for tlie study of tlie 
properties and features. Animals that 
cannot be observed in real life should 
be shown as dead specimens (e.g. in 
museums). 

Demonstration of natural objects 
rouses great interest in pupils, im- 
presses them and promotes the 
burldrng of a sound knowledge. The 
teacher should always plan beforehand 
the chain of questions for a talk with 
the class that is being conducted on 
the basis of observation of live objects. 
Small objects (e.g., plants) should be 
distributed among pupils for study ac- 
cording to certain insti-uctions. Almost 
at each lesson, the teacher.) should de- 
monstrate natural but not necessanly 
live objects (herbariums, stuffed am- 
inals, skeletons, collections, chemical 
substances, physical apparatus etc.) It 
is very useful to distribute these ob- 
jects among pupils, to outline the aims 
of observation, to give questions for 
answering and to draw conclusions out 
of the analysis of the facts accumulated 
in observing objects. 

Observation as an independent me- 
thod is used in studying physical and 
chemical properties of substances and 
industrial processes. For correct des- 
cription and memorization of the pro-' 
perties of substances and their correct 


visualization, it is necessary to demons- 
liate substances botli in their natural 
state and in the slate we often see them 
in our cveiy-day life. Solid ciystalline 
substances should be first demonstrated 
m iheir solid and crystalline stale, and 
not as solutions; while liquids should 
be first shown as liquid. Wlien pupils 
are acquainted with the solid and ciys- 
talHne state of a substance, its solutions 
may be used. Such a successive intro- 
duction of substances helps us avoid 
errors like ‘blue vitriol is a blue liquid’, 
‘caustic soda is a colourless liquid’. 

Experience shows that due to incom- 
plete or imperfect mstiuctions, the 
pupils comprehend and describe physi- 
cal properties of substances in a wrong 
way, paying great attention to only one 
particular pioperly. Pupils often say 
that sulphur is yellow, but seldom 
spealc of its aggregate state; that sugar 
is sweet— but do not mention that it is 
ciystalline. A teacher should teach 
pupils how to observe correctly and 
describe therr own observations. Witlr 
this purpose nr view the teacher should 
map out the plan of observation to can- 
alize the comprehension of the new 
material. 

The difference in comprehension and 
description of the properties of substan- 
ces by one and the same pupil before 
and after his getting acquainted with 
(lie methods of observation can thins bo 
seen (in both cases it is assumed that 
he lias got a set of ilie necessary subs- 
tances and equipment). 

1. Before his getting acquainted 
with the methods of obsci-vation: 
Sulphur is a yellow substance of 
a certain shape. 

2. After his getting acquainted with 
the methods of observation: Sul- 
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phur is a yellow soliecl, brittle and 
ii crystalline substance. Crj’stals of 
sulphur sink in water, while as powder 
it floats on the surface. Sulphur diK’s 
not dissolve in water. Sulphur slightly 
smells. On heating for sometime, it 
melts. 

Observation is often very closely 
inter-woven with practical methods. 

2. Demonstration of cJiarts ami models: 
If it is not possible to demonstrate 
natural objects, the teacher should resort 
to visual aids. Charts, models etc., are 
used in combination with demonstra- 
tion of natural objects. A model or a 
chart emphasizes some phenomenon or 
property, thus facilitating its detailed 
study and comparison with the natural 
object. 

For example, we may take a model 
or a chart of die morphology of a flower 
and its parts, a dissection of a frog’s 
heart and a model of a heart; a stoma 
under a microscope and a model of the 
action of Uie cells of a stoma, the 
charts and models of plants of indus- 
trial productions in chemistry. Appre- 
ciation must be developed in models 
about the comparative size of the 
model and the actual size of the .speci- 
mens or objects. The effectiveness of a 
chart depends on the emphasis on cer- 
tain points that are needed for develop- 
ing the lesson. 

3, Chalk drawing is widely used in the 
process of introducing new material or 
recapitulation. It focuses pupils’ atten- 
tion on die main features and promotes 
building up of spatial ideas, A drawing 
must be simple, expressive, legible to 
single out the most significant features 
of an object, A drawing on the black- 
board should appear simultaneously 
with explanation or oral introduction. 


For example; A schematic drawing of 
the structure of a cell may appear little 
by little simullaueously with the main 
features. 'I'o complete the drawing, 
U'lielicr should lalu‘1 the part,s of the 
cell. 

Drawing may lie; (i) symbolic, (ii) 
schematic and (iii) realistic. 

The teacher should use coloured 
chalk to distinguish imrts of an object. 
All labels should he neatly given. Pupils 
should start copying into their copy- 
book aftiT tlu‘ teacher finishes sketching 
and explaining the new material, 

4. Denwi\strution of slides and' film: 
Slides and films reproduce nature, faci- 
litate comprehension of material ures- 
peefive of place and time and portray 
the dynamic.s' of tlic phenomena. They 
bring tilings in the classroom, which 
cannot be seen or vi.sited by pupils per- 
sonally. 

It sliould be emphasized here tlrat a 
film should be always subordinated to 
tire conlcnt,s of a lesson. Before pro- 
jecting a film, the teacher should assign 
some task and if necessary give short 
explanations while projecting a film; 
discuss the projected material (talk, nar- 
ration, new examples, written answers). 

It is advisable to project films by fiag- 
monts. It helps teacher check pupils’ 
comprehension of tire film, locate the 
most difficult problems, introduce com- 
plicated concepts by parts, Having re- 
viewed a part, the teacher conducts a 
talk, the pupils make sketches and ob- 
serve otlier demonstrations. Thus, pro- 
jection of film is closely interwoven 
with other auxiliaiy mefliods. Films are 
used as accessory study material but 
not as independent ones. 
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III Practical Methods 
Visual aids display to a certain 
extent the properties of objects and phe- 
nomena but they cannot be employed 
to change these properties and pheno- 
mena. 

Practical metliods bring the pupils 
close to tlie object of comprehension. 
Practical methods envisage conducting 
experiments, observations and labora- 
tory work. Experiment and observation 
as methods of teaching, are specially 
good for revealing scientifically a sci- 
ence concept e g., absorption of water 
by root, photosynthesis, physical and 
physiological phenomena. 

Experiment if not utilized properly 
as a mediod of teaching can not help 
the pupils in comprehending a . scien- 
tific topic. For example; die compre- 
hension of physiology is closely inter- 
woven with the comprehension of the 
structure of organs, evolution, develop- 
ment of organism etc. as well as com- 
prehension of chemistry is closely inter- 
woven with the comprehension of the 
atom molecular theory and s tincture of 
matter. 

When experiments constitute the 
basis of teaching in chemistry, physics 
and biology, the knowledge of pupils 
becomes concrete. School experiment 
is not only one of the most significant 
sources of acquiring knowledge and 
practical skills but also it enables pupils 
to get accustomed to controlling chemi- 
cal reactions, physical phenomena and 
logical processes, and get convinced of 
the cognisability of natural phenomena. 

There may be three kinds of school 
experiments; 

(i) demonstration experiment (ii) 
laboratory experiment, conducted by 
pupils while teacher is introducing new 


material, (lii) laboratory woik. 

The fulfilment of all the e,xpcriments 
given in a syllabus is obligatory. The 
list of the experiments need not iieces- 
sarily be divided into demonstration or 
laboratoiy experiment. This is up to 
the teacher to decide. That is why a 
demonstration experiment is included 
in practical methods of teaching. 

The volume of practical work includ- 
es not only experiment done by pupils 
under teacher’s instniction, but also ex- 
perimental tasks (preparation and ex- 
traction of substances, identification of 
substances and proof of tlieir composi- 
tion). Wherever possible maximum at- 
tention should be paid to attach investi- 
gatory character to an experimcnl. 

Demonstration experiment: Two main 
forms of demonstrations may be distin- 
guished: an illustrative demonstration 
and a scientific research demonstration. 

An illustrative demonstration is pre- 
ceded by the theoretical introduction 
of problems of the lesson, The exi>eri- 
ment that follows it usually illustrates 
the information. For example a che- 
mical reaction, represents a practical 
proof of their correctness. 

The peculiarity of the research form 
of demonstration lies in pupils getting 
at the lesson a concrete cognitive jiro- 
blem, to be solved on the basis of their 
own obseivations. First, the teaclier 
himself or 1-2 pupils with the teacher’s 
help prepare whatever is necessary for 
carrying out the experiment. Each 
pupil takes an active part in oliscrva- 
tion, examines the device of the appa- 
ratus, describes the properties of the 
given substances. The teacher controls 
the discussion, focuses pupils’ attention 
on the experiment. It is very important 
that the teacher should train pupils to 
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pay attention to the conditions in whidi 
the experiment is carried out (heating, 
cooling etc). Singling out of many 
other plienomena is the essence of the 
{‘xperimeiit. Suppose, tlic teacher dirovvs 
a piece of sodium on to water without 
inslmcling pupils, the only thing they 
see, will he a ball nuiniiig on the sur- 
face of water. It amuses lliem, but most 
important in lliis case is tlie cause of 
the phenomenon and tire reaction itself. 
After completing an experiment, 
pupils with the help of tlreir teacher 
analyse their own observations and 
draw their own conclusions; Whether 
there c,xists any link between substan- 
ces and phenomena (heating, burning 
explosion etc,), whether there takes 
place any chemical reaction from the 
point of view of the atom-molccular 
theory, and at secondary school, from 
the point of view of ionic, electronic or 
structural theories, and finally work out 
the equation of the reaction. Thus 
pupils obtain the knowledge of cliemical 
reaction by means of research form of 
chemical experiment, get interested in 
chemistiy as science and get accustom- 
ed to logical thinking. 

Demonstiation experiment must be 
convincing, distinct and simple, but all 
this depends on the methods of carry- 
ing out experiment. In this respect the 
combination of word and action is of 
utmost significance. Suppose while ex- 
plaining the action of acids on indica- 
tors, the teacher asserts that litmus is 
reddened by the action of acid, but in- 
stead of adding acid to litmus, adds lit- 
mus to acid, This wrong action in de- 
monstration influences minds to a grea- 
ter extent than the correct word. In 
this case pupils get a wrong idea and 
assert that the reddening of the acid is 


affected by htmus. It does not mean 
at all that the teacher against tradition 
must always add acid or alkali to indi- 
cator. Bui while introducing this mate- 
rial for the first time, the teacher must 
act like this. 

It should be mentioned as well that 
the success of any experiment greatly 
depends on it.s duration. At middle 
school wherever possible experiments 
must not last long, as children are im- 
patient to see tlic results of the experi- 
ment. At sccondaiy school, experiments 
can be more complicated and of longer 
duration. 

Lahoratonj Work 

It is mostly carried out to complete 
each theme or part of the syllabus and 
is of great significance for repeating or 
drilling the introduced material to en- 
rich pupils in new observations and 
habits of independent work. 

Tliere are also two ways of using 
laboratory work at school (i) illustra- 
tive, (ii) investigatory. In Uie first case 
a laboratory work proves or illustrates 
an already known idea, rules or laws. 
For example, the teacher says at the 
lesson of botany, let us observe that 
seeds contain water. 

In the second case teacher says: let 
us find out what substances the seeds 
contain, Let us heat them. Wliat is 
seen on the cooler parts of tl)C test-tube 
walls? 

Answer: drops of water 
What do seeds contain? Answer: Water 
Thus Illustrative experiment only pro- 
ves the introduced material, while the 
investigatory one leads to pupils' active 
participation in the study process. That 
is why such an experiment is to be 
preferred. Some suggested experiments 
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are given below: 

1. Experiment: Evaporation of water 
fiom leaves. 

(i) Control. Water with a film of 
oil on its surface. 

(n) Water without oil on its surface. 

(lii) Water with oil on its surface and 
a twig with leaves. 

Deduction. Water evaporates from 
leaves. 

2. Experiment based on cutting off 
the root, (a) Control, the end of the 
root is preserved, (b) The end of the 
loot IS cut. 

Deduction. Cutting off the end of the 
mam root results in the development of 
lateral roots. 

The results of the experiment should 
be recorded in the form of a sketch, 
collection, herbarium, diagram etc. 

For another example from chemistry, 
treat some substances with water. 
Pupils come to a certain conclusion 
that some substances get well or poorly 
dissolved, others are not dissolved at 
all. The solubility of some substances 
increases much upon a rise in tempeia- 
ture while the solubility of others 
changes only slightly. 

Normally laboratory work under the 
guidance of a teacher is carried out by 
small groups of 2-4 pupils conducting 
the same experiments. The teacher 
gives instructions on the aim of the 
laboratory work. While insti-ucting, 
the teacher not only gives explanations 
but also makes drawings of apparatus 
demonstrating ceitam manipulations 
with them Sometimes the teacher puts 
a number of questions to pupils who 
after completing the laboratory work 
answers them. 

Experiments which are more comph- 
cated are carried out in steps. For 


example, suppose the laboratory work 
is on the preparation of iron sulphide. 
In dus expciimeiit pupils get flist con- 
vinced that mixing of sulphur with iron 
gives no lesults. Now teacher proposes 
that the mixture should be heated to 
see if a chemical reaction occurs. The 
first part of the laboratory work inclu- 
des measuring sulphur (3.5 gm) and jron 
(2 gm), mixing the powders in a mortar 
or on a sheet of paper until uniform 
mass IS got. When all the groups of 
pupils get the same uniform mass, tea- 
cher asks pupils to throw a pinch of it 
into a glass of water and then shakes 
up the glass to piove that the mass pre- 
sents a mechanical mixture. Then 
teacher asks pupils to heat the mixture 
and to compare the original mixture 
with the product of the reaction going 
on in the test-tube. The teacher shows 
how to heat the mixtiue and also ob- 
serve for the reaction. Then the flame 
is concentrated on the upper part of 
the mixtuie until the beginning of the 
reaction is marked (there is no need to 
explain the character of those pheno- 
mena). After that heating must be 
stojoped and pupils watch the reaction 
going on in the test-tube. Now pupils 
stait carrying out the experiment. They 
see a rapid reaction taking place, the 
test-tube gets red-hot and may even 
cTack. The mass is allowed to cool. 
The teacher discusses the results of the 
experiment. The teacher may a.sk 
pupils in what way they succeeded in 
heating the ma.ss red-hot on a sjiirit 
lamp. It IS found that the ina.ss gels 
icd-hot .spontaneously and that the re- 
action is accompanied by emission 
of heat. Sometimes pupils assert that 
sulphur and iron get burnt. To explain 
the phenomenon it is necessaiy to exa- 
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mine tlu* product of tlic experiment and 
let compare it with the mixture origi- 
nally taken. Tlu‘re is no need of cool- 
ing the .substance. Tlu; teacher pro- 
po.ses that the bottom of the. te.st-lnbe 
with the fused mass should be broken 
off into a mortar, cleared of the broken 
glasspieces, then part of it tested by 
magnet and another part mixed with 
water. Pupils now see that the chemi- 
cal reaction has resulted in the forma- 
tion of some new substance. Senior 
pupils require less detailed instructions, 
After the experiment has been carried 
out, pupils should write immediately 
an acajimt of it. The account should 
consist of a schematic drawing of the 
airparatus, observation and e.xplanalory 
notes, answers to the questions given 


the instruction and the conclu- 
sion. The account should be accurate, 
.short and dear. Tlie teacher systema- 
tically checks accounts, explains mis- 
takes and display.s the best specimen of 
accounts. 

An analysi.s‘ of the school experiments 
by tlie teacher can solve the task of the 
teacher. He, will be able to combine 
verbal explanation and use of audio- 
visual methods with experimental work 
in training the pupils to get the right 
kind of knowledge. 

Hie teacher will succeed in solving 
all the tasks of training in case he em- 
ploys all tlie types of school experiment 
in combination with verbal explanation 
and visual methods of teaching, 
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Classroom 

Experiments 


Experimental Demonstration 
on Momenta 

Asok Sinha, Bina Ghose and 
B. D. NAGaiAtronura 


A N investigation into the law of 
conservation of momentum can be 
worked out on the principle of pro- 
jectile motion. When a projectile 
moves in a parabolic path, the velocity 
of the projectile at any point ii\ its path 
can be resolved into two components 
—horizontal and vertical. As particles 
projected from the same height wilii 
different horizontal velocities will take 
the same time to fall to the floor, the 
horizontal distances they cover on the 
floor after fall will be proportional to 
their horizontal velocities. The air re- 
sistance in this case is neglected It does 


not contribute substantial errors if the 
balls are made of steel. If one spherical 
ball moving with an initial velocity 
collides witli another ball of equal mass 
and size at a height, then the momen- 
tum will be shared between the balls. 
Tlieir horizontal velocities can be cal- 
culated from tlie horizontal distances 
they cover on the flooi. Adding the 
values of these two velocities the initial 
velocity of the striking ball before col- 
lision can be calculated If M be the 
mass of a single ball, vi be the hoii- 
zontal velocity of the striking ball, Va 
that of the target ball and V be the 
initial velocity of the striking ball then 

Mvi-|-Mv 2 =MV or Vi-fv 2 =V 

Now by changing the angle of col- 
lision between the balls, the values of 
vi and V 2 can also be changed. On 
measuring the values of vi and V 2 , the 
initial velocity in each case can be cal- 
culated. If this initial velocity retains 
the same value in all such cases, this 
truth will justify the law of conserva- 
tion of momentum. 

The calculation can also be made by 
drawing the iiaiallelogram with the 
horizontal velocity vectors of both the 
striking and target balls and the angle 
of collision. The diagonal of the paral- 
lelogram will represent the resultant 
velocity. On changing the angles of 
collision, tlic hoiizontal velocities will be 
changed but the value of the resultant 
velocity will bo found to be the same 
always. 

V^=Vi2-|~V9^-h2vi Va cos 0 
where 0 is the angle of collision. 

An experimental demonstration on 
momentum on the above principle is 
given in the PSSC Laboratoiy guide 
for physics. The apparatus designed in 
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(Mir lahonUtiry is a motlifu'd fonn (»I 
tlu' ahtivc apparatus where the error 
due t(i frietiun is eaielully diniioaU'd. 
In I’.S.vS.Ci. experiment, the. height of 
the taiget liall cannot he changed. The 
apparatus used in our laboratory con- 
sists of a luctal plane, 10 cm.s in length 
with raised sides as shown in fig. 1, 
The holtom surface is sufficiently 


1 « j 0 i * 
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polished to reduce friction, Tlie plane 
is attached to a heavy base and proper 
arrangements are made to keep the 
plaire at desired inclination. The plane 
with the ba.se is then connected to a 
stand at a height of 25 to 30 cm. from 
the floor, The target ball rests on a 
screw the tapering end of which has 
been removed. The sciew is kept in 
front of the inclined plane, Tlie posi- 
tion of tlie screw can be altered in 
front of the inclined plane to change 


the angle of collision. There is also 
provision to change tlu' vertical position 
(if the screw. One plumb line hangs 
fioiii (he bottom of the screw to indi- 
cate the initial posiliou of the target 
hall. In this iipparutn.s the friction is 
reduced by using a polished metal 
plane. I'lie height of the target hall 
fiom the floor can be changed and the 
velocity of the .striking ball can he 
eluuigecl wilhoiil disturbing the position 
of the target liall. 

The appariilu.s is kept in a suitable 
plae(' on the floor. Four carbon sheets 
arc placed on the floor with carbon side 
up so (hat both tlu^ balks after collision 
will fall on tlie area covered by carbon 
papers. Now one large wliilc paper, 
60 eni. X 50 cm. is kept over the carbon 
papers, The, target liall i.s placed on 
the .screw and ihc' xio.sition of the target 
ball on the wliile jiaper is noted from 
tlie tip of llip plumb line. TIic striking 
hall having ecpial ma.s,s and .same size 
is relea.spd from a height on the iflane 
and both the balls will fall on the paper 
aftci collision. Positions of both the 
balks— striking and target arc noted 
carefully from the dots marked on the 
other surface of the paper. The dis- 
tance between two positions of the tar- 
get ball will be propoitional to its 
horizontal velocity. Tliis distance is 
exloiidcd at the initial position of the 
target ball along the line by a lengtli 
equal to the. diameter of a single balk 
The tip of this line indicates the posi- 
tion of the striking ball. This position 
is connected by a line to the final posi- 
tion of the striking ball and the angle 
between these two lines is the angle of 
collision. In Fig, 2, tlie angle of col- 
lision has been shown clearly. The 
vectors AB and CD represent horizontal 
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velocities of the striking and target balls 
respectively after collision. 


D 



Fig. 2 

The horizontal velocities of both the 
balls are added together in each ob- 
servation and the sum of these two 
vectors is the same in each case as ex- 
pected. This experiment can again be 
done by drawing a parallelogram. A 
parallelogram is now drawn with tlie 
vectois and the angle of collision as 
shown in Fig. 3. The resultant can be 


measured with a scale. On changing 
the angles of collision the values of the 
resultant can be measured in each case 
m the same way. If the value of the 
resultant comes out to be the same in 



all such observations it will prove that 
the law of conservation of momentum 
is substantially coricct. 

The results obtained by us in a sciie.s 
of experiments are given below: 


Mass of single ball = 174 gm 

Diameter of a single ball => 4.00 gm 


Vi 

V2 

U=Vj+Va 

ANGLE OF 
COLLISION 
0 

V CALCULATTD 
FROM THE 
PARALLEI OORAM 

12.1 

18 

30.1 

50° 

27.4 

13.2 

18 

31.2 

48° 

29 

13.3 

19 4 

32.4 

45° 

30,2 

12.4 

18.4 

30.8 

50“ 

28.6 

13.3 

18.7 

32.0 

58” 

28.3 

11. 2 

18 

29.2 

39” 

27.8 

12 1 

18 5 

30 6 

32“ 

29.4 

11.2 

19 

30.2 

•J 0 

30.1 


8 
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In l]i(> above nbsfrvutioiis the initial 
velocity of tlu' .slrikiny; Iwll before col- 
hsifiii cun be obtained by M'mply adding 
the two vectoi.s and also from the dia- 
gonal of a parallelograni formed with 
the two velocity \'i'etor.s' and the angle 
of colliMoti, He.snltK obtained by the. first 
method are within five per cent error. 
Error, s niuy come in the mea.suremeut 
of angle.s in the .second method dne to 
which there are differences in the valne.s 
obtained by the two methods. 

Thi.s e.xperiment can again be done 
by taking two muuinal masses. Let M 
he the rna.v.s of a .striking ball, m that 
of the target ball and V), Vn be, their 
i'e,spi‘ctiv(‘ velocilie.s after collision. If 
V is the initial vidocity of the striking 
hall before collision 


then 

Mvj-emvj^sMV 


On ehanging angles of collision as 
before, values of \’i and v-j can be 
changed hnt the value of V calculated 
from the above relation will be the same 
always, The lengtli representing Vj 
velocity of the target ball is extended 
at the position of tlie plumb line by a 
length er[nal to tht‘ sum of the radii of 
the two halls, The tip of this line is 
connected to tin* dot position of the 
sinking hall and this length iepre.sents 
the velocity Vi of the striking hall after 
collision. 

Wc perfomK'd this experiment and 
obtained the re.s'idts as shown below: 



Mass of strlklnn ball 

Mass of (aract ball 

Diameter of the striking ball 

Diameter of the target ball 

174 gm 
«. 85 gni 
w 4.00 gm 
^ 2.9 cm 


No.or 

OBS 

ANOLP OF 

collision 

Vl 

Va 

K , m 

1 

17" 

16.8 

17.3 

25,24 

2 

23“ 

15.5 

17.5 

24,03 

3 

71” 

15 

17.3 

23.44 

4 

48" 

15.5 

18.1 

24,33 

5 

29“ 

16.1 

14.2 

23,02 


The results obtained are within five easy and simple method to demonstrate 
per cent eiTor. This experiment is an the law of csmseiwalion of momentum. 
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Classroom Experiments 


Some Experiments for 
Demonstrations of Low 
Pressure Phenomena 

A. K. Gupta and P. Vubndran 


'T' HE need for devclopmg tlie obsei*- 
vational and experimental skill in 
students at an early stage of tlreir career 
IS obvious, par ticiilarly so if they chance 
to continue in the study of science. 
Hence the need for visual demonstration 
experiments to illustrate vividly the con- 
sequences of some natural laws. Our 
efforts have been directed mainly to 
experiments demonstrating low piessure 
phenomena, the detailed discription of 
which follows.- 

The kit has been divided for con- 
venience into two types (i) junior and 
(ii) the senior. This has been done 
to separate out the types of experiments 
that can be performed at pressures of 
10-2 mm Hg (Torr) and above i.e. with 
a rotary pump alone and those that re- 
quire pressure below 10-2 mm Hg, using 


a diffusion pumped system. Economy 
and ruggedness have been the main 
guiding factors in the design of the 
kits and the systems. Only indigenous- 
ly and readily available mateiials have 
been used to enable its wide use. 

The Junior Kit: 

This basic system (flg. 1) am.sists of 
a bell jar mounted on a flange, evacu- 
ated by a rotary pump. Provision for 
mounting gauges, leak valves etc. exists. 
The base piessuie attainable i.s in the 
region of IQ-^ to 10-^ mm Hg. The fol- 
lowing are the typical examples of the 
experiments that can be done with its 
help. 

1. Study of mechanical force due to 
air pressure 

2. Inflating of a sealed ballon 

3. Air resistance 

4. Buoyancy of air 

5. Piopagation of sound 

6. Convection of Ircat 

7 Conduction of heat 

8. Mcicnry Manometer and Bour- 
don gauge 

9. Torricellian method of irroducing 
vacuum 

10 Vacuum filling 

11. Combustion and lighting 

12. Boling and jiiessure 

13. Freezing by latent heat of evapo- 
ration 

14. Discharge tube 

IS Cloud formation by adialiatie 
exiransion 

The Senior Kit* 

This is basically a vcisatile combina- 
tion system of a IIM" diffusion pump 
and a rotary pump with a manifold con- 
nector mounted on a trolley (flg. 2). 
The pressure is read by Bourdon, 
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Fi£. 1 

thermocouple and cold cathode dis- 
charge gauges. The combined control 
unit for these gauges and the box con- 
taining the accessories for the experi- 
ments (which can be conducted with 
its help) are mounted on a trolley, 
(40" X 31" X 18"), which also tabes 
the rotary pump in the bottom. The 
lay out of the plumbing and otlier com- 
ponents is veiy simple and illustrative 
and makes the experimenter famibar 
with the general vacuum techniques of 
plumbing and couplings. 

The experiments above ' mentioned 
with die junior kit can also be per- 
fonned with tliis set up and some of 
them can be studied in greatei detail, 
like the discharge tube phenomena can 
be extended to the stage of black-out. 
Besides, the experiments demanding 
pressures of lO-^tolO"® mm Hg. and 
more sophistication can be performed. 
Following are the typical examples: ’ 



Fig. 2 
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1. Diode expel imeiit 

2. Boyles law and Mcleod gauge 

3. Direct observation of molecular 
impacts. 

4. Straight line motion of molecular 
beams 

5. Vacuum deposition 

6. Thcnnal conductivity gauges 

7 Discharge gauges 

8 Working of a rotary pump 

9. Working of a diilusion pump 

10. Study of other vacuum compo- 
nents. 

Details of the Experiments of Jimior 
Kit 

1. Study of Mechanical Force Due to 
Air Pressure 

It IS an extension of the liistoiic Von 
Guericke’s experiment with Magde- 
burg’s hemispheres. The whole design 
is changed to enable the quantitative 
study of the force required to detach 
two discs held together by atmospheric 
pressure and its dependence on the 
factors like sealing gasket diameter, the 
pressure difference and the volume of 
enclosed evacuated space. The quanti- 
tative undei standing is impoitant be- 
cause of its close similarity with 
problems involving electiic or magnetic 
flux across the surfaces of odd shapes. 

2. Inflating of a Sealed Balloon 

This vividly demonstrates, the pres- 
sure air exerts leading to the expansion 
of a balloon whose neck had been lied 
at almosphciic pressure with a little 
air in it, when subjected to deci easing 
pressure around it. 

3. Air Resistance 

This is demonstrated by subjecting 
a light feather to gravitational fall with 
and without air in a tube and compar- 
ing it with the fall of a metal piece. 


4 Buoijance of Air 

A sealed glass bulb is balanced on a 
light balance beam at atmospheiic pres- 
sure and tlic change observed as the 
air aiound is evacuated. 

5. Propagation of Sound 

The fact that sound required a mat- 
erial medium for propagation is biought 
out by enclosing an electric bell in the 
bell jar and evacuating it. Care in 
mounting eleminates all contact vibra- 
tions 

6. Convection of Heat 

A theimometcr hung over a hot sur- 
face indicates the need foi gas (above 
a certain vacuum) for convective trans- 
fer of heat. 

7. Conduction of Pleat. 

This demonstrates the effect of heat 
conduction by the gas molcailcs, from 
a healed filament and its dependence 
on irrcssuic. 

8. Mercury Manometer and Bourdon 
Gauge 

This enables one to measure pressure 
in the classical way i.e. as mm Hg. and 
incidentally shows how this unit struck 
roots even to denote pressuies as low 
as — 10'-^® mm Hg. (less than the dia- 
meter of Hg. molecule). Tire Bourdon 
gauge used also measures the pressures 
in the same range and can be calibrated 
against the Hg. Manometer. It is a 
typical example of the mechanical in- 
sliumcnls of this class. The dial gauge 
used can be opened easily and the work- 
ing appreciated. 

9. Torricellian Method of Producing 
Vacuum 

Illustrates how vacuum can be iiro- 
duced as was Iiistorically done for the 
first time in 1643. This enables one to 
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measure the saturated vapour pressure 
of volatile liquids. 

10. Vacuum Filling 

Demonstrates the ease with which a 
naiTow inlet vessel can be filled witlr a 
fluid 

11. Cowhuslion and Lighting 

Tliis is to demonstrate need for vacu- 
um in an electric lamp, besides throw- 
ing light on the use of tungsten fila- 
ments for various purposes in vacuum. 

12. Boiling and Pressure 

Boiling is an important natural phe- 
nomenon and is shown to be a state 
of a liquid at which its vapour pressure 
becomes equal to the total pressuie on 
its free surface provided that this pics- 
sure is not very much less than 1 inm 
Hg whence the evaporation looses the 
violent chaiacteiistics of boiling. 

13. Freezing hy Latent Heat of Evapo- 
ration 

Water kept in a watch glass at room 
temperature is rapidly evaporated by 
removing its vapours by evacuation. 
Then the loss of heat of evaporation is 
sufficient to freeze the lemaining water 
in the dish. Th's process has found 
important application in “Fieezedrying”. 

14. High Voltage Discharge in Gases 
The standard discharge tube for the 

study of the natuie of high voltage dis- 
charge with the nature and pressure of 
the gases is modified by providing two 
holes in the disc electrodes and letting 
the anode and tlie cathode rays strike 
fluorescene on the floiu-escent scieens 
of the ends. Magnetic deflection of 
these spots tells about the nature of the 
charge of the particle beams. 

15. Cloud Formation by Adiabatic Ex- 
pansion 

The cooling effect of adiabatic ex- 
pansion of a gas is convincingly demon- 


sti-atcd by a cloud fonnation of the 
water conlanit’d in air on its sudden 
expansion into an evacuated belljar. 
Details of tlic Experiment.s of vSenior 
Kit 

D iodide Expciiment 
A .simple demountable, easy to assem- 
ble, electrode .sy.stem facilitates the 
verification of ba.sie laws concerning the 
thermionic emission. Its use as a diode 
enables the dependence of electron cur- 
rent on anode voltage, filament tempe- 
laturc and dimen.sion.s of ibc electrodes 
to be demonstiated. 

2. Boyle's Law and Mcleod Gauge 

A modified compact form of Mcleod 
gauge cnahlcs the .student to verify 
Boyle’s Law and use it as a jiics.sure 
measuring device. 

3. Direct Observation of llolccular 
Impacts 

The momentum impaited to a me- 
chanical system by moleenlar impacts 
can be studied with a simple apparatus, 
An oidinaiy glass slide i.s suspended 
vertically in vacunm by a suspension 
fibre with its opposite ludves welled 
with cone. IL Soi, When some water 
vapour is intioduced, it is absoibcd by 
the HsSO,! and momentum tiansfer is 
halved on these sides as compared to 
those at which the water molecules 
simply rebound. This difference in 
momenta transfer constitutes a torque 
and rotates the suspended system. Also, 
some simplc-to-inako designs represent- 
ing important appIication.s arc sug- 
gested. 

4. Straight Line Motion of Molecitler 
Beams 

A molecular beam produces a veiy 
well defined image of an aperture in 
its path, which shows that molecules 
travel in straight lines. The inter- 
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molecular collisions of the residual gas 
molecules with tlie molecular beam 
can be demonstrated at higher pres- 
sures 

5. Vacuum Deposition 

This iriocess has become quite a com- 
mon technique in science and techno- 
logy because of its immense usefulness. 
The system is capable of demonsliating 
the basic process. Coating of Magnesi- 
um on glass substrates is very simple 
and slraight-fonvard giving a mirror 
finish. 

Besides, the worhing principle and 
performance chaiactenstics of the ther- 
mal conductivity gauge, rotary vane 
pump, oil diffusion pump and other 


components like diaphiagm valves, 
vacuum couplings etc. forming part of 
the combination system can be studied 
conveniently with the help of the ac- 
cessories. 

A complete insUuction manual with 
full design details of the vacuum sys- 
tems and the accessories needed for the 
demonslTations named above can be 
supplied. The authors aie thankful to 
the Head of Division Shri C. Ambasan- 
karan foi his keen inteiesl in this dev- 
elopment and his kind permission for 
publication. We also wish to thank 
the workshop and glass blowing people 
foi their help in fabrication of the 
components. 


The Refractive Index of a 
Liquid by Total Internal 
Reflection Within a 
Glass Prism 

Ved Ratna 


T T is customaiy in the universities 
that students of Physics in under- 
graduate classes do this experiment. 
Piinciple of the method is biiefly des- 
cribed below. This description has 
been summaiized from that given by 
Wiosnop and Flint^. Notation in the 
diagram has been slightly altered to suit 
the convenience of discussion which 
follows. 


A glass pi ism ABC (figuie 1) has the 
face AB ground. AB is illuminated by 

A 
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monochromatic light. A group of iay,s 
parallel to SD leflects paitially from 
the face AC, emerges parallel to EF 
and fonns a line in the focal plane of 
a collimated telescope placed to receive 
them, Similaily a gioup of rays 
parallel to SG, where angle SGM is the 
critical angle of incidence i, is reflected 
totally, emerges parallel to IIK and 
forms another line in the focal plane of 
the telescope. 

All groups of rays whose angle of 
incidence is greater than i are totally 
reflected and others will be poartially 
reflected. The effect will produce a 
field sharply divided into bright and 
dark halves by the direction IIK, mak- 
ing an angle a with tire normal to BC. 
The whole experiment is performed on 
a spectrometei and angle a is measured 
If ju, is the refractive index of the 
glasstif the prism that of the medium 
touching the face AC, and that of the 
medium touching the face BC is 1, 
then 


respectively, 

Sin la = ^ 

/'• 

And Sin u -= 

I'- 

Thus ij IS greater than i.^ , 



gi = Sin C (g^~Sin^ a)' '2— Cos C Sin a 

To find ^ the liquid is removed from 
the face AC so that /xi=l, again a is 
measured and then 


^ 2 ^/'l + Sin a Cos C y 
\ Sin C ) 

Problem 

For performing the experiment witli 
tire medium outside face AC as the 
given liquid, a thin film of the liquid is 
enclosed between the face AC and a 
glass plate LMNO (figure 2). A diffi - 
culty now arises as described below: 

If and ij are the critical angles of 
tire glass of the prism with respect to 
the media of refractive indices 1 andgj 


While performing cxjrcrimeiil with 
the liquid film outside face AC, a group 
of rays xrarallel to SD at an angle of 
incidence ij, is transmitted ihrougli 
faces AC and NO (after partial reflec- 
tions), If we assume AC, NO and LM 
to be parallel to each other, then 


Sin ia = 
Sin i 


Sm in 

Si'll 

Sin k 
where the symbols 
indicated in figure 2 


1 

g 

Pi 

Pi 

Pi 


j = k, 


1 = m 

have the nicaning 


1 

Sm m = — - 
Pi 

Hence m is the critical 


angle of the 
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medium of the plate LMNO with res- 
pect to the medium of icfractive 
index 1. 

Thus a gioup of rays paiallel to SD 
is totally icHectcd from the face LM, 
emeigcs pai ailed to EF and comes to 
a focus in the same line in the field of 
view of the telescope in which the rays 
of this group paitially reflected from 
AC get focussed Similar situation 
aiises with any othei group of lays 
whose angle of incidence on the face 
AC lies between ia and i, . Thus the 
field of view of the telescope is divided 
sharply not by the direction HK but by 
the diiection EF. 

Hence the value of a measured ex- 
perimentally with the film of tlie given 
liquid comes out to be the same as that 
measured without it. Even if the liquid 
film and glass plate LMNO are not 
paiallel-sided and the glass plate is not 
optically plane (which it leally need not 
be), the value of a measuicd with the 
liquid film will be a little different. Of 
couise, any differ ence so observed has 
no relevance to measurement of the re- 
fractive index of the liquid. 

Solution of the Pioblem 

To eliminate this difficulty, soot was 
desposited on tlie face LM. It was 
found that in this way the rays reaching 
the face LM are absorbed by it and 
dividing line in the field of view of the 
telescope corresponding to the diicclion 
HK (figure 3.) becomes prominent ins- 
tead of that corresponding to the direc- 
tion EF. Theoretically, soot deposited 
outside the face LM should not absorb 
the rays incident internally on it at an 
angle greater than critical angle. But 
perhaps, along with soot, a thin oil film 
gets deposited on the face LM and the 


trick works. Let us call this method 
as ‘solution T. 

The author is of the opinion tliat a 
still better method will be to stick a 
thin black paper on the face AC 
with the given lirpiid, instead of 
the ulate LMNO. But tliis can be 
done provided a paper of such a qua- 


M 



lily IS available which will not intio- 
duce impurities in the liquid film, Tli s 
method will eliminate the possibility of 
interfeicncc fringes being formed by 
the thin liquid film. 

Worsnop and Flint^, although do not 
talk of this difliculty at all, hut give an 
optional xii'ccaution, which we shall call 
‘solution 2’ . 

“It is better foi the sake of dcTin'tion 
of tlie two halves of the fiedd to allow 
light to fall at grazing incidence on 
the jnism surface, say, AC (figure 1). 
‘rhen the rays entering the prism 
make angles less than ciitical angle 
with the noimal so that the flc'ld is 
now only half illuminated and the 
edge coiiesponds to the duection, 
UK (figure 1). AB should be kexrt 
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daik by coveiing with a sheet of claik 

papei”. 

“If the light is incident externally on 
the liquir film, it must enter by the 
edge, NM (figure 3), any ray such as 
P would not reach AC at grazing 
incidence.” 

Discussion 

The 'solution 2’ really refers to im- 
piovement of definition of the two 
halves of the field of view over what 
we get without the licjuid film by the 
method of illuminating the ground face 
AB, The question here is of ‘existence 
of any definition of the two halves of 
the field of view in the direction, HK 
(figure 2) when working with the liquid 
km’. It is true that if ‘solution 2’ is 
made use of, this question would not 
arise at all But after reading through 
tire description given by Woisnop and 
Flint^ a student is likely to think that, 
when using the method of illuminating 
tire ground face AB, some definition 
must exist Thus he may neglect tlic 
‘solution 2’, obtain the same value of 
a in both the parts of the experiment 
and thus obtain a value I for the refra- 
ctive index of the liquid. 

From a purely educational stand- 
point, the ‘solution 1’ is better than 
‘solution 2’. When the student will 
adopt ‘solution 1’, he will see concrete 
before his eyes how does the intensity 
of intemally reflected rays varies widr 
their angles of incidence. 

Indu Prakash and Ram Krishna®, 
while discussing a simplified form of 
PuKrich Refractometcr, describe the 
entire experiment in terms of light en- 
tering from liquid to glass at grazing 


incidence. Wor.snop and Flint® also do 
the .same while describing Pulfricli and 
Abbe lefiaciometi'is. Thus ‘solution 2’ 
is the more, commonly used expeinnen- 
lal technique 

Allen and Mome' do not at all men- 
tion thus expeiiment oi tlu’ Pnlfrich oi 
Abbe lefraclometeis m the entire 
book written by tb(‘m, and similarly do 
the authois of the books 5 and 6 men- 
tioned in the bibliography. 

Iloustmitd gives the same tieatmcnl 
of the expeiiment as Woisnop and FlinP 
without clarifying how tlie rays which 
enter Irom glass to lupiul can be. pre- 
vented fiom being totally rellected 
back Middleton® gis'cs a simplified 
experiment to measure' critical angle by 
a glass block, similar to PiiH'rich Rcfrac- 
lomclcr, wlierein he talks only of exter- 
nal incidence. 

Conclusion 

Altliough from an e..xperimeiilal point 
of view it IS a faultless and usually ad- 
opted method that monochromatic light 
is allowed to fall at grazing incidence 
on the prism surface so that it enters 
glass making an angle with the iionnal 
equal to cutical angle. But Worsnop 
and Flint’s attempt to describe the ex- 
periment using internal reflection is ad- 
mirable from an educational stand point, 
Tlrey made an omission in this method 
which they may have considered to 
be a minor one, ‘Solution 1’ describ- 
ed above is an attempt by the author 
to develop it into a really practicable 
method, keeping its essential spirit in- 
tact, It should now be possible that 
this experiment using internal reflection 
may be widely adopted by the univer- 
sities. 
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simi-ilfxIgiMj; fijiiipiiictil for motor-cars, 
and tiiiv Ijnij^liU ulaiius 


MiniaLure Sets will Make 
Radar a Ronsohold Gadp^ol 


Roy IIerbert 


rinf wall -size S'omor 

Till- lio.nl ol llit'Mi gadgets will be a 
radai souiic the si/o of a piiilR'iul, and 
it is tin's tiny dosico, idieady in com- 
nicu’ial pioduc'linii, that promises to 
Ining a rosolulion iti its wake. 

Radar, ol course, uses ladio waves 
to measme llio position of a taigct, its 
laiigi* and its speed. Tlie radio waves 
tiansniilted .no ri ‘fleeted back and the 
inloiniation is obtained fioni the time 
they take to retom and the eliange in 
w avc'h'nglb ol the echoes. Thc‘y must 
be ol sboit was ('lengths— about one 
eenlhuetie~m older to ‘.see’ eflicieutly, 
and tbeieloie high fietpiencies are 
neeessaiy, 

Until now, soniees ol ladio waves at 
sticb fietpiencies have been compara- 
tively huge, delicate and with a short 
working lile, in .spile of the advances 
in vacuum lube, design since the early 
days of ladar in lla’ ll).30.s. 


rpECHNOLOGIGAL advance is a Ttvu.sislors mU HuiUibh 

slow business. Few developments Almost all the jobs ibaL vacuum lubes 
arc hilly levolutionaiy, and even when did have now been taken ovm' by tran- 
tbey are, they seldom make a striking sisters, which arc more reliable, last 
diSeience to everyday life and tilings. much longer, and do not need large 
In the last 10 yeais, peihaps only the powc'i supplies. They are .solid-state 
development of transistois has had .such' devices made of a laystal mateiial 
an effect. In the next 10 yeais, ad- llirongh which the electrons move— not 
vanced work in electronics at Biilain’s through space as in llic old vacuum 
Royal Radar Establishment at 'Malvern lubes, 

may make itself felt on a similar scale. But as lransi.slois would not work at 
For, because of this work, miniature the ficipiencies necessary for radar, 
radar systems are now a practical pro- they were out of the question for tliis 
position. All at once exciting pros- particular application. The woik be- 
pects have opened up for such tilings ing done at Malveni has changed all 
as hand-held obstacle detectors, colli- that. 


By Courtesy British Information Services, New Delhi. 
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The scientists there have been ex- 
ploiting a property, known as negative 
lesistance, in a paiticulai substance in 
crystal foim, called gallium arsenide. 
Normally, the current flowing in a con- 
ductoi of elccLiicity is pioportional to 
the voltage driving - it. But negative 
resistance means that as the diiving 
force behind moving electrons gets big- 
ger, they ai'e slowed down and less, not 
moie, cuirent flows It is possible to 
use this effect in gallium arsenide to 
produce high-frequency ladai pulses, or 
microwaves. 

In the ciystal, a section called a do- 
mam-sepaiate fiom the rest— is foimed 
in which the voltage is very high. It 
forms at one end and travels along to 
the other, when it collapses Imme- 
diately anothci domain is foimed and 
does the same thing. The domains 
sweep thioiigli the ciystal at high speed, 
generating radio waves as they go; the 
frequency of the waves depends, moic 
or less, on the distance the domains 
have to travel. 

Pioneer Work 

To get the frequencies needed foi a 
high-iesoluLion radar system— in other 
words, one that can distinguish small 
targets— the distance is measured in mil- 
lionths of a metic. So the crystals are 
minute, little more than a layer deposit- 
ed on something else for suppoit and 
to make the necessary electrical connec- 
tions. 

In fact, the microwave sources are 
made by depositing the layer on its sup- 
port— a dffleient type of gallium 
arsenide crystal— and then cutting the 
structuie made in this way into small 
pieces. Other components are added 
to make the device tunable over a wide 


range of frequencies. Even so, the 
whole tunable radai wave generator is 
only the size of a thimble 

Poweied by batteries and containing 
a transmittci, an aerial, a detector and 
othci mimatuic clecLionic gcai, a radar 
set can now be held in the hand like a 
toich. The possibilities of such systems 
are being considered, and it should not 
be long before expeiimcntal ones arc 
being used in working conditions. 

Varietij of Uses 

For example, it ought to be fairly 
easy to mcasiiic speeds of .ships coming 
in to dock The bigger the sliip the 
more impoiLant this is, for even at low 
speed bumping into docksides can cause 
seiious’ damage. On the enormous 
tankois that are now coming into ser- 
vice, it may be possible to have inem- 
bcis of the dock cicw woiking portable 
radar .siieed meters foie-and-aft and 
passing tlie information to the bridge. 

Radai meters of this type could have 
almost limitless application in naviga- 
tion in haibour waters. In industry, the 
potential is just as big— knowledge of 
distances and speeds aie important in 
using machinery, and the smallness and 
simplicity of a radar equipment for mea- 
suring them accurately will prove in- 
valuable. 

But possibly the most spectacular of 
the early uses for the tiny radar sets will 
be in cars. There i.s no reason to doubt 
that cars will eventually have radar 
mounted, perhaps on the roof and that 
ihcir drivers will bo warned of obstacles 
in good time to avoid cia.shes. Equip- 
ment such as this would be a tremend- 
ous asset in fog on motorways, for in- 
stance. 
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Trohlem Simplified 

The idea of using radar for this pur- 
pose has been mooted before. But 
equipment then was too big, too fragile, 
too expensive, and needed too much 
power. All the.se objeclions have been 
removed at one slrohe by the new de- 
vice. 

Of course, in corrventional radar itself 
there will also be advantages to be 
reaped. One ,of the troubles in radar 
operatron rs the necessity for moving 
large aerials to swing the radio beam, 
and recent systems have been designed 
to get over this by producing a scan- 


ning beam eicctiomcally. 

The new nhei-owuvc .sotu'cc .simplifies 
the problem of doing tlris, as it will 
have other problems in iirrpi-oving radar 
.systems. 

Tins, liovveser, will 1k‘ a backroom 
mailer-. For tire nran in the; street, the 
new developineiil is likely to shou' itself 
in a great variety of devices for use in 
daily life— in hi.s own home, his job. 
and in transport of different kinds. 

.A.S llic i-adar sy.steins arc refined, new 
applieations will keep step until, per- 
haps, radar-ii.sing gadgct.s will be as 
familiar as elcetneal ones arc now. 
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A patient ciippled for 40 years with 
osteomyelitis (a seveie bone disease) 
whose soie limb healed and who could 
walk again unaided, 

A man of 53 with a chionic eai dis- 
chaige since a mastoid operation at the 
ago of eight, whoso symptoms suddenly 
stopped for the fiist time in 45 yeais, 
Tlnrleen patients seriously ill witli 
emphysema (extensive lung damage) 
who found they could breathe freely 


again, 

Experimental work on the uses of 
Success of Hyperbarics in hypeibaric medicine IS going on inten- 

Modern Medicine lively in many ccnti-es in Europe and 

North America. Britain has been, and 
Paul Vaughan is, one of leaders in the field, not only 

in the basic research hut in the deve- 
lopment of the sophisticated equipment 
which hypcibarics demands. 

This includes piessnre chambers, for 
if gas is used at high picssuio the con- 
laineis must withstand ihe force udth 
which the gas will atlempl to escape. 

E xperiments with a fonn of And the chambeis used in liyperbaiic 
medical treatment that promises to medicine must be big enough to take 
make a substantial contribution to the iml only one patient, Inil the patient’s 
fight against disease are going on m a attendants as well, 
numbei of countries. 

The treatment, which has been des- 

ciibed as one of the major developments As long as 300 years ago, an Englush 
in medicine of the last five years, is doctoi called Henshaw experimented 
known as hyperbanc medicine or, more with a pressuic chamber in which ho 
simply, hyperbarics It involves bring- hoped to cure acute disease with high- 
ing oxygen to the site of the disease pm-ssurc air. What Ilenshaw began was 
and saturating the diseased tissues with R^ken up iiilcimitlontly later on. 
the gas at a pressure two to three times Scientists in the lOlh century dcvi.sed 
the hoimal late. prcs.sure chambers with elaborately ele- 


gant Victorian decors like a Jules Verne 
uccesses submaiine Bui in the nineties the Eng- 

To give just a few examples of its lish Scienrist’“Jr‘Q‘."'naldanc pul foi'wiuxl 


successes. 


the fundalnlttitiJllB^Ws foflfK 
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piesent developments in hypeibaries. 

Haldane showed that if mice weie 
exposed to carbon monoxide 
died because the gas combined with the 
haemoglobin of the blood— the sub- 
stance which pioduces the bloods red 
colour and which carries oxygen to the 
body’s tissues, The mice died because 
they were staived of oxygen. But if 
they were put into oxygen at three times 
the normal pressure (at three atmo- 
spheres, that is) the mice surwived. 

Oxygen and X-rays 

It was still more than 50 years before 
this work was followed up, But one of 
the earliest modern developments came 
when rt was shown that this use of ex- 
tra oxygen could have an effect on can- 
cer, Scientists found that if the cells 
in a tumour were short of oxygen, they 
resisted the effect of X-ray therapy. So 
it seemed that if one could step np the 
supply of oxygen to these cells their 
defence against X-rays would be weak- 
erred, 

At St. Thomas’s Hospital, London, one 
of Britain’s best-known teaclring hospi- 
tals, doctors began to treat cancer patr- 
ents rvith radiotherapy, while the 
iratrents breathed oxygen at three to 
four atmospheres. 

Treatment on these lines has now be- 
come a standard practice at St. Thomas’s 
and other teaching hospitals, and it has 
been found that the extra oxygen does 
indeed improve-sometimes dramatically 
—the effect of X-rays in certain types 
of tumour. 

In Amsterdam, arrd a little later in 
Glasgow, doctors tried out the oxygen 
treatment when doing surgical opera- 
tions on the heart. And in other cen- 
tres more and more attention was being 


paid to hyperbarics’ and its implications, 

A variety of medical conditions are 
inaiked by a local .shortage of oxygen- 
due, for example, to injmy or to diseas- 
(■d blood vessels, W’lierever lack of 
oxygen was .sliown to be a complicating 
facloi, it seemed likely that byperbarics 
might help. 

Beneficial Rest tils 

Allhougb, this is still a relatively new 
bianeh of medicine, it has alnxidy been 
applied successfully to diseases of the 
hone, the joints, the lungs and the heart. 
It has been .strikingly beneficial in treat- 
ing gas gangrene, a grave condition 
wliieb can follow serioris accidental in- 
jury and i,s caused by a germ which docs 
not like oxygen, 

Pressure ebambev.s used in hyper- 
barics an' citbei very huge or small 
enough for' one per, son. One, recently 
itislallcd at Glasgow’.s IVestem Infinn- 
ary, lias an insid(< sliell of 15 feet by 
18 feel. It can take two patients at 
once, pirns the surgical team, and will be 
used for heart surgery. 

One Glasgow doctor has experiment- 
ed with a miniature pressure chamber: 
it is 30 inebes long but it is for mice, 
not men. For human patients there are 
hyjicibaric beds in which the patient 
can be nursed for long periods in a 
highly oxygenated environment. In 
lhe,sc, the patient lies under a Perspex 
dome and is completely encased in the 
bed. He keeps in touch with the out- 
side world by an “intercom" and can 
watch television or listen to the radio, 
wliilc the heat and humidity of the bed 
can be controlled automatically. 

Still a Mystery 

Ironically perhaps,' scientists still can- 
not be sure why hyper-oxygenation 
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should be so beneficial in, for instance, 
diseases caused by germs, Does the 
oxygen act on the genns themselves in 
some way, or on the poisons which those 
germs piodiice? 

At a recent international conference 
on the subject, one London doctor sum- 
med it up: "All we can say is that 
somehow hyperbaric oxygenation allows 
natural leparative processes to talce 
^lace.” 


Theie aic many othei questions still 
to be answcicd about this new lole for 
oxygen in medicine, It is likely that 
moie applications of hypeibaiics will be 
discovcicd It IS also possible that iii 
the icsearch now being done, in Biitain 
and elsewhere, fiesh light will be 
thrown on that ultimate mystery ol 
medicine-the fundamental giowth 
mechanisms of the human cell. 
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Forty Years of Television 

Anniversary of Baird’s 
Invention Celebrated 

Douglas Reekie 


L ondon has just celebiated the 
40th anniversaiy of one of the most 
far-i caching inventions of all time-the 
first public demonstiation of television— 
by a dinner given by the Television 
Society 

It was in January 1926 that John 
Logic Baird, a Scot living in the South 
of England, demonstrated his brain- 
child in London to the Royal Institution. 
A few days before, I had been one of a 
dozen or so people who had seen what 
he could do in sending pictures by 
radio. We had gathered in a house in 


North London. The demonstration took 
the foim of n picture of someone in an 
upstains room being .shown to us down- 
stairs m another room. The cynicism 
of the newspaper reporter made me 
disbelieve comiilelely and uttmly. I 
searched foi hiddmi ivires. They could 
not be found. 

A Miracle 

Finally coni’inced that I had seen a 
miiaclc performed, 1 wrote a stoiy and* 
then hud to aigne Baird’s case with my 
office, which shart'd my own original 
di.sbehef, 

To-day 1 look at television quite a lot 
along with more than 80 per cent of the 
people, of Britain. I still think it a mir- 
acle, even thongli I get irritable and 
angry if tliere is the slightest fault in 
the transmission or in my reception, 

To the colc'bration dinner in London 
this January went the first man ever 
to be lelevised-Mfilliam Taynlon, then 
an 18-year-old office boy and now a 
clerical woiker in London. At the time 
of his historic first appearance on a tele- 
vision screen, he was working for a 
company which hiied out cinema films 
from a building in Soho, London. 

Attic Woikrnonis 

Baiid had his workrooims in the attic 
of the building. One afternon he rush- 
ed downstairs and asked Tayiiton for 
help. Upstairs in the attic, Baird set 
him under two rows of hot and bright 
lights and in front of a camera which 
he called a transmitter. 

Taynlon says that ho barely had time 
to settle himself m his seat before a 
wildly excited Baird shouted at him 
‘Tve done it. .I’ve done it” and seem- 
ed to dance round the attic. 
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A few moments later Baird pushed 
Taynton from his scat and took his 
place. Taynton went round to the other 
side of the transmitter. "I could just 
see the outline of Band’s face on the 
screen/’ says Taynton. “It was very in- 
distinct, But I could definitely see a 
face.” Just as I was to see a face on 
that screen in North London later, and 
the members of Britain’s Royal Institu- 
tion were to see a face in January 1926. 

First Regular Programme 

It was not until 1936, however, that 
the first regular public television service 
in the woild started, when the British 
Broadcasting Coi-poration went on the 
ail with a regular progiamme for view- 
eis, In the ten yeais that had elapsed, 
considerable development of the tech- 
niques, Baird had devised took place. 
Once Baird had shown that television 
was possible, others stepped in with 
specialized knowledge that began to 
build towards the efficiency of the sets 
we know today. 

World War II was to intervene before 
Britain could really exploit the new 
means of mass communication witli full, 
coimtrywide coverage. (The BBC ser- 
vice was shut down from 1939 to 
1946.) 

In 1955, commercial television was in- 
troduced in Britain when Independent 
Television began operations. The BBC 
got its second channel in 1964. 


Today, both Independent and BBC 
Television claim to have almost com- 
plete coverage of Biitain. The BBC is 
linked with most of the European ser- 
vices and c'xchangos pingrammc.s with 
them. A few years ago television ]iro- 
gi amines were also being exchanged 
across the Atlantic with America 
through the Telstai satellite, 

Television PersOnaliUj 

I do not think Baird, when he fetched 
Taynton in to be the first personality 
to be televised, ever thought or imagin- 
ed that m 40 years his invention would 
have swept the world as it has done, 
Nor did he oi Taynton foi that matti'r 
-imagine that Taynton was to be the 
first of a whole new race of people, . 
the television personality. 

But he ivas And, before the anni- 
vcisaiy cclebiation an'anged by the 
Television Society of London, he, was 
shown in a studio the model ii equip- 
ment used in tclevi.sion broadcasting. It 
was a little diffcient, he thought, to 
the conglomeration of wires and gad- 
gets Baird had taken him to see in that 
attic. 

But then Mrs. Band, who was also 
present at the celebiation, rather 
thought the same. She remembered the 
oddments of wires and bits and pieces 
her late husband used to clutter up her 
home with, 


Courtesy; British Information Services. 
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li'/cd by a simple clieinieal process tlic 
resistance to variations of temperature 
and liiimidity, inoidd infection and 
bruising is greatly increased. 

The stabilizing agent is a colourless, 
tasteless litiuid wbicli is cheap to make, 
and application i.s a .simple mailer of 
bulk clipping in the warehouse. 

Successful Tests 

Succes.sful te.sts ha\'c been carried out 
with lemon.s, giapediuit, orangc.s, tan- 
gerines, bananas and other fruit. In 
these", Dr. Ilnrsl has esLabli.shed that 
the rate of ripening and decay depends 
on the leaction of snbslance.s in the skin, 
and that if this ‘breathing’ can be slow- 
ed down the fiuit will ripen more slow- 
ly, keep longer and be more resistant to 
temperatiuc changes, 


New Process Keeps Fruit Fresh Longer 

Tj' RUITS stay fresh longer and resist 
mould infection better by a new 
technique of regulating the 'breathing 
of their skins developed by a British 
scientist 

Dr. Heniy Hurst, managing director 
of a Cambridge timber-proofing com- 
pany, has spent years on research into 
the stracture of insect ahd plant skins 
to show that if tire skin of fruit is stabi- 


A ripe, stabilized banana, for example, 
can stay linn and edible for up to four 
days at 34° G., while an unlicaled one 
softens after' 8 to 16 hours. In average 
room temperature, according to Dr, 
Hurst, a treated banana should stay film 
about 10 times longer than normal, 

Dr, Hurst claims that Iris treatment 
could be of great value as fi'uit can be 
stabilized at any stage— after harvest, 
during ripening, or before selling in con- 
tainers. 

Collecting Medical Data on Human 

Body 

Britain’s Medical Research Council 
has developed ‘a socially acceptable 
monitoring instrument’ designed to re- 
cord medical information about ordinary 


Courtesy: British Information Services. 
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people as they go about their daily 
worl<. 

The instrument, which is attached to 
the body, yields infoi-mation about the 
physiology of the active woihei, the 
housewife, or the sedentary desk-bound 
executive. 

Mr. H. S. Wolil, of the Councirs 
Hampstead (London) laboratory, said 
the new instmmenl would recoid heart- 
beats and temperature for periods of a 
few hours or two or three days while 
a person went about his noi-mal woik. 
It would record iiifonnation about ordi- 
nary persons in the same way as was 
done, for example, in the case of astro- 
nauts. 

Electiochemical Cell 

The device is a tiny electiochemical 
cell which enables doctors to delect a 
multiplicity of factors which contribute 
to a normal physiological environment. 
The same device can be used to help 
doctors assess how patients progress 
after treatment. 

The device, connected to the body by 
two electrodes at the end of thin wires, 
is small enough to be worn without be- 
ing noticed by anybody, and makes no 
noise. It has already been tried out on 
bus drivers and conductors, airline 
pilots, and schoolchildren. 

Helium Bubble chamber at the Ruther- 
ford High Energy Laboratory 

The helium bubble chamber that is 
being built for the Rutherford High 
Energy Laboratory at Chilton near Did- 
cot, will be the biggest of its type. In 
common with bubble chambers using 
other liquids, it depends for its useful- 
ness on the fact that a superheated 


liquid-one at a temperature higher than 
its boiling point at the piessuic iirevail- 
ing, but still liquid-boils locally, fonning 
a line of bubbles, wherever a charged 
particle on its way thiough the chamber 
encounters an atom. It is, in a sense, 
the oppo.site of a vvilson cloud chambci. 
Supercooling in a cloud chamber is 
brought about by a sudden incicase in 
tiressure; superheating in a bubble 
chambci by a sudden reduction in pres- 
sure. 

Bubble chambers have two advan- 
tages over cloud chambers in high- 
energy research using beams of accele- 
rated particles. The most obvious is 
that the density of atoms in a liquid is 
many limes greater. Not only arc tracks 
well defined; there is more chance of 
direct interactions with nuclei, leading 
to the formation of new particles in the 
chamber. The other advantage is that 
a bubble chambei rectuiies only a few 
seconds’ interval between one set of 
tracks and the next. It is unrivalled in 
its own field, though other methods 
complement it. 

The choice of liquid depends on the 
type of experiment to the done. The 
Rutherford Laboratory wall have three 
bubble chambei s— each of different type 
—for use in conjunction with its biggest 
piece of eepupment, the proton .synchro- 
tron, Nimrod, which acceleratc's proloits 
to an energy of 7,000 McV. Two of 
them require the use. of exceptionally 
low temperatures. The first to be com- 
pleted was the British National Hydro- 
gen bubble chamber. This has been on 
loan until lately at the Geneva labora- 
tories of the European Organization for 
Nuclear Research (Cem) but, after 



58 


SCIIOOI, KC.'tt'.N'CK MARfltl 1958 


reassembly next year, will be used at the 
Rutbeifoicl Labor atoiy. The advantage 
of hydrogen is that clfcctivcly only one 
type of nucleus is incscnt—and that is 
the simplest proton. This is of help in 
inteiprelation when a paiLiclc iiiLeracls 
directly with a nncleu.s in the chamber 
and further secondary particles are ino- 
duced, 

The helium bubble chamber is well 
suited to the study of an odd kind of 
nucleus, known as a hypernuclcus, in 
which the place of a neutron— present in 
all nuclei except hydiogcn— is taken bv 
an unstable and more massive particle, 
tlie lambda hypeion, Hypcrnuclci pre- 
sent many pioblcms, in which the Ox- 
ford University Nuclear Physics Dcpait- 
ment is interested. The helium bubble 
chamber is a joint venture between the 
Oxford department and the laboratory. 

The active legion of the cliamber will 
be 32 in. longXlB in. wideXl7 in. deep. 

A powciful magnet will be used to bend 
the tracks of particles in the chamber, 
which IS within the magnet. The big- 
gest technical problems, however, have 
been in the refrigerator needed to main- 
tain the helium in the bubble chamber 
at an accurately controlled temperature 
within a few degrees of absolute zero. 
Apait from control, it has been neces- 
sary that the final pait of the refrigera- 
tor-including the vacunb chamber should 
be mobile. This is in order that it may 
be moved with the chamber to whatevci 
position is wanted, and also can be le- 
moved when not in use. The refrigeia- 
tor keep.s the liquid helium in the bub- 
ble chamber at a controlled temperature 
in the range S^k to 4°k within ±0 05“k 
The thiid bubble chamber using a 


heavy lirpiid has just lately hcuii brought 
into U.SU. 

Space Research Symposium 

A NUMllKR of di.sfiugui.sbcd scien- 
^ li.st,s fioin India will attend an 
mlcrnaliunal ,syni))()Simu on .space re- 
search to lie held in London from July 
17 to 29. De.sciibed a.s the bigge.sl-evet 
confeience on .solar and teirestnal phy- 
sics. it will be ojicued by Mr. Anthony 
Croshuid, Britain's Secretary of State for 
Lducation and Science. 

The sou has poured out its energy 
in the lonn of lu'al and light for millions 
of yeais and lia.s made life iios.siblo on 
tile euilb; at the .same Unie it .sends out 
invisible ultia-v iolel ray.s and fasL-mov- 
ing parlioh’S, .such as protons, winch 
would be letlial to u.s if llioy weic not 
.slopped by llie eailh's atmosphere. 

It is these phcnonieua, among others, 
that the .seieutist.s have been studying, 
and will discuss at the London sympo- 
sium. 

Some of the results of their studies 
will have practical applications. For in- 
stance, there will be considerable inter- 
e.st in the study of solar flares, wlrich 
arc bugo outbursts of ionised gases 
which send particles millions of miles 
out into space, some reaching the earth. 
It is cssenlral for the .safety of astronauts 
and even lire passengcu's and ciow of 
high-flying supersonre aircraft like the 
Concord that scientists should know 
how to predict when these solar flares 
are going to take place so that avoiding 
action can be taken. 

The scientists have been using the 
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latest aids available, including lockels 
and space probes. 

The symposium will be attended by 
ovei 900 scientists from 45 countiics 
They will assess the value of data ob- 
tained duiing the International Years of 
the Quiet Sun (IQSY) in 1964 and 1965. 
Dining the period intensive studies were 
made from ground stations and space 
satellites of the effects of the sun's ladia- 
tion on the earth’s atmospheie. 

The London symposium has been ar- 
ranged jointly by the Sxrecial Comimttee 
for IQSY and the Scientific Committee 
on Space Research (COSPAR). It is 
being held at the invitation of the Royal 
Society. 

Indian scientists expected to attend 
the symposium include; Di. Vikram 
Sarabhai, chaiinian of India’s Atomic 
Energy Commission and of the [ndian 
National Committee for Space Research; 
Dr. A. P. Mitra, National Physical Labo- 
latory, New Delhi; Piof. P Ramaclian- 
dra Rao, Andhra University; Dr. G. K. 
Setty, Delhi University, and Prof. P. D. 
Bhavsar, Dr. S. Prakash, Piof. K. S. 
Ramanathan, Dr. T. S. G. Sastry, and 
Dr P. R. Pishaioty (all five fiom the 
Physical Research Laboratoi-y, Ahmed- 
abad) 

Fruit Fly Controlled by Lures 

Both food and sex lures for the 
Queensland fruit fly, Dacus Tnjoni, have 
been discovered and used to control the 
pest in the least 30 inland Australian 
towns. The method should also assist 
suppression efforts along the eastein sea- 
hoaid where the fly exists in a more oi 
less continuous population from north of 
Caims to Victoria 

Several State Departments of Agricul- 


tuie liavc accepted tlic method as a iirc- 
fcrable alternative to massive .spraying 
campaigns using dangerous poisons such 
as DDT For almost a cenluiy the lly 
has been regarded as Aii.stialia’s worst 
pest of oichaid eiops, but a recent con- 
ference ol Federal and State entomolo- 
gists declared that as a result of the im- 
plored contiol measures now availahle 
the fiiiit lly problem could be viewed 
as one of minor importance. 

Ml A. Wilhson, an indu.stiial chemist 
in Sydney, discovered the male line 
some years ago. The altractanl synthc- 
.si.scd by him is 4-(p-hydioxypheiiy] ) 
butan-2-onc. Subsequently re.seaich by 
Dr. Monro at the Waite Agricultural 
Research Institute, Adelaide, showed 
that the aceto.xy derivative of this com- 
pound was even more attiactive to tlie 
Queensland fiuit lly. Tliis form of the 
compound also attiacls the melon ily', 
Dacus Cuurbilac, which is a pe.st in 
other parts of the woildc 

Meanwhile, Amciican cmtomologists 
had lound that certain protein hydioly- 
sales aio stiongly attractive to the 
oriental fruit fly, and Medilenanean 
fruit fly. Tests by the New South 'Wales 
Department of Agiicultuial eoiifirme 
that tins material is also appreciated by 
the Queen.sland fruit lly, ICIANZ Ltd. 
in co- 0 ])eiatiou with tlie Department has 
since formulated a number ol protein 
hydiolysates and .selected the. nto.st ef- 
fective for commercial jiiodnction. 

Though the sex lure has greater duiw- 
ing power and is longer l;i, sling it has 
not proved as effective as the food line 
in field control experiments. IIow(iv(‘r, 
when both lures have been distributed 
together suppression has been greatest, 
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Thus, in an experiment covering com- fruit was found in tire areas in which 
parable areas where male hue and food the Uvtr hues were clistrilniled. Mala- 
luie were used separately fruit damage thioii has been chosen as the; insecticide 
amounted to 20 per cent and 7 per cent to mix with the* lures hccausti it presents 
respectively, but virtually no infested less risk b otluT animals and humans. 

Courtesy Australian High Commission, New Delhi 
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Problems in 
Mathematics 


Problems SS 31 to SS 35 
J.N Kapur and R.C. Sharma 


5531 Draw the graph of: 

y= ) X— 11 + ( x~21 + I X— 3| + 

I X— 4J +) X— 5 (+ J X— 6f 
and solve the equation: 

I x_l| +1 x-21 + I x-31 +1 X- 
4| +I X- 5 )+| X- 6|=9 
Solve' also the equation : ( x | -[-| x 
+41 +1 x+^l +1 x+t|+ 1x+tI 
+1 X+ll =1. 

Generalise these problems and solve 
them. 

5532 (selected). Prove that the sum 
P+2''+3»'+.. '. ..+n^ 

where n is an arbitary positive in- 
teger and k is odd is divisible by 
1+2+3-)- +n. 


Students of secondary school and otiicis aie 
invited to submit solutions of the jnohleins given 
below, Coirected solutions along with the names 
of those who solve these problems correctly, will 
be published in a subsequent issue of School Science, 
Only students, however, aie eligible for the 
pi izes that may be offei ed. Each pi ohlem should 
be solved on a separate sheet of paper and should 
beat the name of the student, his class and his 
school and should cany a declaiation that he 
has solved the pi oblem himself. Solutions should 
reach Shii R.C. SImma, Reader Depaitinent of 
Science Education, NIE Buildings, Mehiaiili 
Road, New Delhi 16, within six weeks of the 
publication of this issue. Readers are also invited 
to submit original problems along with their 
solutions. 


5533 (J.N. Kapur) Prove (without using 
calculus) that 

(i) Sin Xi+Sin Xa+ . . . .+Sin x„ Ls 

maximum subject to Xi-1-Xjj+ 

+x„=a when 

Xi=Xa== =X„=K/n 

(ii) If a-(-b=k where a and b are 
positive integers and k is a 
constant, then 

(a+ l/a)H (b+ l/b)2>2(k/2+2/k)^ 

5534 (selected). Prove that there does not 
exist a natural number which, upon 
transfer of its initial digit to the end, 
IS increased 2 or 4 or 5 or 6 or 7 or 
8 or 9 times; but there exist natural 
numbers which are incrca.scd 3 times 
and find them. 

5535 (selected). Prove that if a and b arc 
relatively prime natural numbers then 

[a/b] + [2a/b] + [3a/bl + + 

[(b-a)a/b]=(a~l)(b--l)/2 



New Trends in 

Science 

Education 


Community Science Centre 
K. B. Shah 


A t the School of Architecture at 
Ahmedabad a d^zen advanced 
students have each taken on a new as- 
signment; to design a building for 
erection in the near futme to house a 
new science education and reseaich 
facility. The Community Science 
Centre. 

Wliat is the Community Science Centre? 

The Community Science Centre is 
an activity of die Nehru Foundation for 
Development for providing facilities 
and developing programmes for the 
understanding of science by students, 
teachers and the lay public and for the 
improvement of Science and Mathe- 
matics Education at all levels. 

The idea was mooted three years ago 


by a siiiall gnnip headed liy Dr. Vikrani 
A, .Suiahliiii wliieh began its pre- 
liniiiiaiy work at the Phy.sical Re- 
seaieh Laborator;, at Ahini'dahad, The 
giotip liegaii identifying institutions, 
leaehei.s and .Kliuli'iil.s at Ahmedabad 
who w(‘re nintivated by the same urge 
for intiodueing originality and creativ- 
ity both among .stndenl.s and teachers. 
Keeping an open mind and uninhibited 
with any resLrietivi* force.s, the partici- 
pants dhseii-ssed tlic‘ problem.s of science 
education, ehallenged hilherio unchal- 
lenged a.sMimptions and came forward 
with new idea.s'. The group for the Im- 
provi'inenl ol Science Education, or 
GISE as it came to be called, met foi 
regular inleruelion on u conlimiing basis 
to di.scn.s.s speeifie problems and pro- 
jects which could he implemented in 
iho near future. 

The GISE received financial support, 
grants and assistance, from the Nation- 
al Council of Educational Rc'senich and 
Training, the Kannakshelra Eduoation- 
al Foundation, the A.sia Foundation and 
from a number of local institutions at 
Ahmedabad. 

As the scope of the GISE expanded, 
its activities from the Physical Research , 
Laboiatory were brought under the 
umbiclla of the Nehm Foundation for 
Development, a vehicle for the considera- 
tion of broader (Question of social and 
educational nature, founded by Dr, 
Vikiam A, Sarabhai. 

Experience gained in woiking to- 
gether confirmed the Group’.s feelings 
that Science teaching in our existing 
educational system did not adequately 
provide either familiarization with the 
scientific method or the acquisition of 
knowledge through experimentation. 
The Group came to the conclusion that 
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if llie undeistanding of science by stu- 
dents or by adults is to be piomoted, 
what IS needed is a facility where- those 
who wish to teach and those who wish 
to learn can come and conduct basic 
expeiiments and be exposed through 
audio-visnal and other means to the 
latest developments of science, science 
teaching and technology. 

To fulfil such specific needs, the 
Gioup for Improvement of Science 
Education, with a financial grant from 
the Asia Foundation has created the 
Community Science Centre under the 
auspices of the Nehiu Foundation for 
Development 

Centie Programmes 

In developing the concept and 
giving contours to the Community 
Science Centre, it must be understood 
that it will be built around two pro- 
giammes— each independent at the start 
but moving towards each other and 
ultimately fusing to the advantage of 
both. The first programme is a conti- 
nuation of one started three years ago— 
the CISE series. This is an effort by 
tlie teachers themselves thiough co- 
operative voluntary active participation 
to improve science teaching content 
and to spread and understand new 
ideas and approaches in science and 
mathematics by actually tiying them 
out. It will continue as originally dev- 
eloped, Tire other jii'Ogramme will be a 
new one; conceived and jilanned by us 
witli no restrictions set by existing ac- 
ademic traditions. Its iiurxiose will be 
not to impait scientific infonnation per 
se, but to illuminate the process of 
scientific drinking. These two streams 
flowing side by side will gradually 
blend , one to the other and merge into 


a practical cieative proceduic eventual- 
ly to be adopted we hope, into the for- 
mal school and college systems. 

Stream I: Eniichment and Improve- 
ment Programme will encompass the 
following aclivites’ (i) New Curri- 
culum and mateiials development, (li) 
In-scrvicc teacher’s training through 
(a) week-end discussions, (b) reficsher 
courses and (c) summer and winter 
institutions, and (lii) Cifted student 
progi amine. 

Stream II, Experiments in Science 
Education in which the Centie will try 
stream out the following two appioaches- 

1. The Core Pi ogi amine: In order to 
make science a living, meaningful cx- 
peiicnce foi the Science Centre parti- 
cipants, lire local scene and life pat- 
tcins must Ire the backdrop, as Dr. 
Sarabhai has aptly put it, against which 
the drama of science is picsentcd and 
understood, All levels of participants— 
elementaiy, secondary and college stu- 
dents, as well as teachers and the lay 
public, will find within the Core Pio- 
gramme, inteiests, degrees of complex- 
ity and refinement, at whatever quanti- 
tative and/or qualitative levels that 
will fit their needs and abilities. 

In the Coic Programme the element- 
ary levels will deal with basics— they will 
come to undci stand how to: (i) pose 
iclcvanl cgiestions, (ii) select a work- 
able liypothesis, (iii) .seaich for proof, 

(iv) uncovttr new relation.ships, and (v) 
adheie to ethical standards and values. 

P'or higher levels of sophistication 
these same fundamentals be refined, 
They will be translated into; (i) project 
design, (ii) collection of data, (iii) as- 
sessment of data (iv) classification and 

(v) measurement. 

For the highest levels the same basic 
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concepts become: (i) description of ex- 
perience, (ii) creation of experience and 
(iii) lire understanding of experience. 

II, Auclio-Vistial Programme; One of 
the most important features of the Coni- 
munity Science Centre will be the em- 
phasis and inclusion in tlic Centre of 
adequate facilities for the particiiianl 
to prepaie and produce audio-visual 
content material, such as slides, film.s 
and tapes, himself. This material may 
be a record of an experiment, a demon- 
stration of a procedure, a documenta- 
tion of field trip. 

Other Activities 

(i) An ongoing activity of the Centre 
will be die accumulation, evaluation 
and communication of all material be- 
ing developed by other agencies here 
and abroad. Paralleling this will also 
be die development of material of like 
nature by the Centie staff, 

(ii) FublicatiOn: The Centre will 
publish Teacher’s manuals and resource 
material for existing syllabi and also 
for the new programmes developing at 
the Centre. A newsletter on Centi'e 
activities will also be published. 

(lii) Activities for the Laymen-. Perio- 
dic lectures, demonstrations, film shows, 
science exhibits will be arranged for 
the lay public. The interested persons 
will also be invited to use the facilities 
of the Centie and participate in ongomg 
activities of the Centre. 

(iv) Seminars: The Centre will orga- 
nise seminars on regional, national and 
international level to discuss new pro- 
blems of science education. These 
will also serve as a medium for ex- 
change of experience and information. 


Facilities 

Facilities ami service oifered by the 
Centre: 

(i) Lifmiii/: Till; Cciitu' shall establish 
a liliniry of seieutifie bonk.s, films and 
film slnps as well as journals of educa- 
tional and poinilar interest. 

(ii) Hrii'itce Museum: Wc hope to set 
lip a inodesL .sx-ience nnisx'inn including 
science e.vliibit.s developed at the Cen- 
tre or received from outsicle. 

(in') Wark.'iliop Fcicilitics-; The Centre 
will have its own small but up-to-date 
woikshop, stafled fur the development 
of science exhiliits, modcl.s’ and proto- 
types. In free houis and by prior ar- 
laugemeul onr xvmkshop fucililies will 
be made availalile to outside institutions 
and individuals. 

(iv) Ldhoratorics; At the Centre the 
four laboiatories, mio each for Physics, 
Chemistry, Biology and Mathematics 
will each contain facilities to accom- 
modate up to 25 particixmnts at a time. 
These laboratories will be available on 
a shared basis to outside institutions. 
The zoo, aquarium, grocn-hoiisc and 
obseivatory maintained by iho Centre 
for Study puiqooscs will also be avail- 
able for visits by outside groups. 

(v) Consultation: The Centre can 
offer consultation services to outside 
institutions in tire application of new 
methods of teaching and advise them 
in the development of their laboratories 
and libraries. 

(vi) Flational and Inlefnalional Ex- 
change Programme: It is one of our 
cherished objectives to set u^r a nation- 
al and international exchange of ex- 
periences and relationships between our 
Centie participants and those of ana- 
logous groups in other countries. 



News and 
Notes 


1, THE EXPERIMENTAL PROJECT 

All the trial editions of text materials 
in Science and Mathematics for class 
VII have been printed and distributed 
to 31 Experimental Schools. The re- 
vision of the trial edition of class VII 
materials has also been taken up. The 
revised manuscripts for text materials in 
Physics and Biology (both English and 
Hindi veision) for class VII were com- 
pleted and sent for printing to the Pub- 
lication Unit. Work also continued on 
preparing the trial edition of Class VIII 
text materials which will be required for 
use in the experimental schools from 
July 1968. 

A number of States were contacted 
and the new text materials developed 
under this project were made available 
to the State Education authorities for 


study to examine the possibility of using 
these materials in selected schools of 
their state. 

2. THE UNESCO-UNICEF PROJECT 

Gcncial Science syllabus for classes I 
to V has been published and is availa- 
ble from Publication Unit, B-31 Maha- 
lani Bagh, New Delhi-14 The first 
volume of the corresponding Teacher’s 
Handbook— a three-volumes publication, 
is also out. Work is also in progress on 
writing the General Science textbooks 
foi classes III, IV and V. Preliminary 
designs of a science kit and a science 
chart for use in primary and elementary 
schools have been developed. 

Discussions were held with the Stale 
Education Departments of Andhra Pra- 
desh, Madras, Mysore and Kerala to 
work out a subsidiary plan-of-opeia- 
tions for mtiodncing this scheme of 
strengthening the teaching of science as 
a compulsory subject. Five other stale.s: 
Rajasthan, Gujarat, Maharashtra, Mad- 
hya Pradesh, and Uttar Pradesh had 
been visited earlier in this connection, 

3. THE CURRICULUM PROJECT 

The Directors and permanent staff 
members of the Five Study Gioiips in 
Chemistry met at Sardar Vallabh Bhai 
Patel University, Anand (Gujarat) from 
27th to 31sL January 1968 and reviewed 
the comjiloto text materials for the 
lower level coiinse. They also di.scu,ss- 
ed about the contents of llu! first five 
units of the senior high school course 
m Chemistry. The trial edition of tlie 
lower level course will be available lor 
tryouts by April 1968. 

The Biology Study Groups have final- 
ised their materials fox the three years 
of the first stage of secondary schools 
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and are curreutly involved in editing 
and giving last touches to the diaguims 
etc. to make the materials pie.ss-worthy. 
They held a long meeting in the moiilh 
of December to do this task jointly. 

The Physics Study Cioups at Delhi 
and Calcutta met at Delhi for about a 
month to dovetail the materials prepar- 
ed by them for the first year of tlie 
first stage of secondary schools. They 
are currently involved in editing the 
materials and making them pressworthy. 
The mateuals will be available fur press 
by February 1968. 

The Mathematics Study Groups met a 
number of times at Kanpur, Jadavpur 
and Jaipur to finalise the materials de- 
veloped by them. They have construct- 
ed instructional materials for all the 
three years of the first stage of secon- 
dary schools. 

4. NATIONAL SCIENCE TALENT 

SEARCH SCHEME 

The National Science Talent Search 
Examination was held on 7th January 
1968 in 326 centres all over the coun- 
try Necessary arrangements to get the 
scripts evaluated are under way. 

A school-wise study of the results of 
the NSTS examination 1967 for Delhi 
Schools and its co-relation with the re- 
sults of the Higher Secondary Examina- 


tiou and All India Higher Secondary 
EMUuiuatiou has been eoinpleted, 

The fii.st meeting of th(' Advisory 
Comniiltee tif the Nalional Science Tal- 
ent Seait'li Scheme was liekl on 23rd 
Jaunuiy, ItXvS uiuUt tlu' Clhainnanship 
of Dr, I) S. Kutlniii, Ghaiiinan, U.G.C, 
'Hie Goimnillee reviewed the work of 
the selu'ine iiml agreed that from tlie 
ne.xl examination the te.sL papers should 
ho uxailahle iii all the regional langu- 
ages. It also recommended the organi- 
.sing of mathenialieal olympiades and 
reserving of ceilaiii scholar, sliips for 
gifted .studeiils in mallieimrties. 

For the undeigaiduate awardees of 
the Nalional Seienec Talent Searcb 
Scheme 16 Summer Schools are to be 
lield diiiing this summer. 

5. THE INSTRUCTIONAL MATE- 
RIAL CENTRE 

The Inslrnctional Material Centre dis- 
played text malerials and the various 
pieces of erpiipmcnt developed under 
the experinieulal project in an exhibition 
organised by the All India Science 
Teachers Association during its Annual 
Conference at Gauhati. The Instioic- 
lional Material Centre Organised a lec- 
ture on teaching of Chemistry throiigb 
tested overhead projections by Prof, H. 
Alyea of the Prince ion Univr'vsiiv 



Books for 
Your Science 
Library 


Modern Elementary School Science — a recom- 
mended sequence, willard j iacodson and 
HAROLD E. TANNENDAUM published by Bureau 
of Publications, Teachers College, Columbia 
University under the series Science Manpower 
Project Monographs, 

Modem Elementary School Science 
is the final volume in the Science Man- 
power Piojcct series which includes re- 
commendation for Junior High School 
Science, and for Biology, Chemistry and 
Physics in the Senior High School. The 
pui-pose of this monograph is to indi- 
cate directions for strengthening lire 
elementary school science— a subject 


that has grown so much in impoitance 
as to be regarded as the fourth R of 
elemenlaiy school instruction. 

The authois propose a two-dimcn- 
sional programme of .science experien- 
ces for children. In the flexible dimen- 
sion, the primary concern is ‘with the 
intcresls and need.s of children as ex- 
pressed thiough their question and con- 
cerns’, In keeping with the flexible 
quality of the programme, the aulhois 
have laid down guidelines which are 
suggestive lathei than pi escripUve, The 
flexible dimension gives scope for indi- 
vidualization of msliiiclion (tlnough 
children’s questions as basis for scienti- 
fic investigation) and its integration 
with other subject areas. 

The planned dimension of the .science 
1)1 ogi ammo offeis opporlunitie.s to ex- 
plore the vaiious areas of science. Tlic 
planned dimension scivcs as a guide in 
the pm chase of equipment, hook.s etc., 
it provides the fiamewoik for the total 
piogrammc. 

The bulk of the hook is the chapter 
ihicc — An clemcnlai 7 school science 
progiammc running from 31 to p, I'M, 
After describing the general plan of a 
two-sided approach (the flexible and 
the planned) to cumciilnm, the authons 
give on p, 43 a general scheme foi ele- 
mcntaiy scieneo inslnietion. Under- 
standings are developed around .six 
liroad areas, (i) I’lie earth on which we 
live (ii) Tleallhfnl living (iii) Tlie earth 
in .space (iv) Machines, malc'rials and 
energy (v) The physical environment 
(vi)' 7’lie biological ('iivironmenl, A 
gradowise breakup of topics from kin- 
deigarten to grade vi is also provided. 
The discussion of each topic starts 
with a broad definition of Uie .scope of 
the .subject-area, and a number of very 
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Hsefnl suggestions for pioviding tlio a])- 
propriate science experiences. Tlie 
suggestions for activities tlioiigli not 
elaboiate are ftnitc practical. 

The important generalization, s of each 
subject-area arc listed scpaiately. This 
is followed by set of key-questions ser- 
ving to stimulate inteiest and inquiry. 

Cbaptci 4 deals with Administrative 
Organization, which is held to be very 
important m controlling the quality of 
experiences in science. Three schemes 
for organizing school science have been 
discussed, (i) the classioom teacher lea- 
ches science, (ii) an elementary science 
teachei teaches science (iii) the cla.ss- 
room teacher-science consultant team 
togethei develop the science piogrammc, 
This last scheme is considered to be the 
best since it coinbinc.s the advantage.s 
of both the previous methods. The 
familiarity of the class teacher with the 
child and the familiarity of the consul- 
tant with the subject aie both put to 
best advantage under tliis scheme of 
organization, 

Chapter 5 is on ‘Mateiials and faeili- 
ties’, The equipment and supply list 
IS very ambitious and unpractical at 


least for all but a few of our primary 
.si'hools, Till' priiniivy sebnol teaclier 
luLs to .select (or iiupiovi.se) articles 
within his/l)('i ineims. 

Ohapter fi is on evaluation, It dis. 
ciisse.s ways that can be used to deter- 
mine till’ relalivo eilec'liv(‘ues,s of tlie 
eduealioiial (‘xperietieo and to find ways 
lor inipios'ing ])iogranmi(;. Kvaluatioii 
would li('lp to .strengthen the pro- 
giamuic oil the basis of past experience, 

Thu title for the soveiilh and the last 
chapter is Elemeiitiny iSeliool Science 
foi tomorrow. As wa.s expected, llie 
distussum is with refereneo to Ameri- 
cim conditions. Yet, it i.s instructive 
and inspniug to gii tlnougli some per- 
lions' of llii.s chapter e.g., di,seii,s,slon of 
the suggested goals for prc-seivioe edu- 
cation t)f elemenlaiy school teacher on 
pages 18S-190, 

The liook would h(‘ t'xtreinely useful 
for teacher cdiicalom and cnniculum 
planneis in sckmce. There aie not 
many good books by Indian authors on 
this subject and this book will be a nice 
addition. 


B. D. Atreya 



From the Editors 


O N this page which will fiom now on he a regular featuie of School Science 
we intend to discuss with our readers contempoiary and significant events 
in the world of science and science education and, even moie importanL per- 
haps to us editors, the journal itself We would also request our readers to 
write to us their views and comments on any issue or iiroblem in science or 
science education that they wish to bnng to the notice of fellow readers, oi 
their suggestions regarding this journal. We shall be glad to publish such 
letters, subject of couisc to considerations of space. 

This issue of School Science has come out veiy late For this there are 
numerous reasons. But lather than attempt an explanation oi apology, we 
would like to assure oui readers that future issues will leach them much 
more punctually. 

Despite its lateness, howcvei, this number of School Science maintains 
the usual quality and vanety in its contents, The coveiage ranges from a 
novel classroom expeiinient in acceleiation to a discussion of the relative 
loles played hy heredity and environment in man. Bma Ghosh, Asok Sinha 
and B D. Nag Chaudhuii of the Saha Institute of Nucleai Physics describe 
an apparatus used by them to demonstrate acceleiation, and they have solved 
the most difficult problem in such cxpenmenl.s-Lhe measurement of time. 
S. L. Tandon, in HerecliUj and Environment in Man offeis a very revealing 
discussion of this fascinating subject. In the field of chemistiy, Anthony 
Tuckers Catalysis and Chemical Kinetics leads us nearer to an understand- 
ing of the complexities of the catalytic process, which to this day are not 
fully clear although the term ‘catalyst’ was coined by Berzilius over 130 years 
ago. Of special interest to teachers would be the third article in the series 
by B. Sharan, which deals with the more important aspects of practical tiain- 
ing in physics. Again, in Place of Museums in Science Education, V. S, Agarwal 
tells how museums can be utilized in teaching the biological sciences; 
he describes particularly, and in detail, how the topic ‘Propagation’ can be llnis 
taught In An Experiment on Science Education A. G. Bhatlachaiya of the 
East India Laboialory, Calcutta and A. K. Ghoso of the Eoso Institute, Cal- 
cutta, describe an experiment in teaching the topic ‘Cnrient Electricity’ to 
students in the age-group 13-16 years. The most striking features of the 
experiment were that attendance was voluntary and the participants them- 
.selves devised experiments to test the various principles and laws that were 
studied. 

In science, as indeed in the humanities, ireiliaps the highest honour and 
lecognition of outstanding talent and woik is the Nobel Prize, and in his 



article Science Nohel Laureates, R. K. Datta gives a vivid account of the lives 
and work of the 1967 Nobel Fiize winners in physics, chemistry and neuro- 
physiology. 

As for science abroad, the focus in this issue of School Science is on 
biology teacliing. One of the most important science education projects 
currently under way is the Nuffield Project in the U.K., and two articles in 
this issue describe the work being done on biology teaching in this project, 

In India, perhaps the most significant project in science education is ffia 
Project for Improvement of Science Teaching in Schools being conducted 
by the National Council of Educational Research and Training. In our regular 
features News and Notes, readers will find an account of the further progress 
made in this project, and of its Summer Course for the science teachers of the 
experimental schools. 

Finally, we carry the results of tlus year’s National Science Talent Search 
Scheme examination. For our young student readers, this will perhaps be the 
most absorbing feature in this number. 



Reorganization of 
Practical Training 
in Physics-III 

B. Shahan 

Indian Institute of Technology 
New Delhi 


T T is often complained that the shi- 
-*■ dents do not talce interest in ex- 
periments. The reason is, they get the 
necessary material and never feel the 
necessity of tliinking. For an effec- 
tive performance, an experiment 
should be preceded by the following 
questions: 

i) Mdiat is the main physical 
quantity to be determined? 

ii) Can the main physical quantity 
be determined directly, or is it 
to be determined by measuring 
other quantities? 

iii) What are the other quantities 


The former two papers { Sharan 
1967a, 1967b) considered the non- 
absoluteness of measurements and the 
various forms of averages. The present 
paper deals with the more important 
aspects of practical training. These in- 
clude introduction of preparatory 
questions which help in finding opti- 
mum conditions and choosing one's 
own apparatus, determination of laws 
from graphs, analytical and practical 
methods of drawing the best straight 
line and tangents to a curve. The 
emphasis is more on discouraging the 
‘cookery book’ system and to encourage 
the power of thinking through the 
most efficient use of the knowledge at 
one’s command. A number of practical 
examples have been given to illustrate 
the viewpoint. 


and what is the functional re- 
lationship between the main 
quantity and the other quanti- 
ties? 

iv) Wliich quantity needs to be 
measured with the highest pre- 
cision? What is the order of acc- 
uracy desired? 

v) What instruments and methods 
are available for measurement? 
What are their accuracies and 
which instrument will be most 
suited for the work? 

For answering most of the above ques- 
tions, the exact functional relationship 
between the various quantities must be 
known or determined by dimensional 
analysis. The quantity which needs to 
be measured with the highest preci- 
sion is the one which is small in 
magnitude and has the highest power 
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in the formula. Tliis is the most im- 
portant quantity. There is no gain in 
measuring other variables with an acc- 
uracy better than the most important 
bnel 

Experience tells us that tlie students 
learn to appreciate the idea of acc- 
uracy only after solving a few pro- 
blems on percentage error. A very 
simple problem is suggested below: 

jProljlein; Eet the true values of two 
quantities a and b be 10 and 
5 respectively, 'Now, if the 
measured values of a and b are 
10.1 (error 1%) and 5.5 (error 
10%) respectively, what is the 
percentage of error in the pro- 
duct ab? Is it less than 1%? Is 
it less than 10% (error corres- 
ponding to the most inaccura- 
tely determined quantity)? If, 
the measurement of a is im- 
proved to 10,01, does it improve 
the error in the product? 

The case may be similarly extended 
for a product or quotient obtained by 
multiplying or dividing one by two or 
more terms. In each case it turns out 
that the minium error is greater than 
the error in the quantity least accurate- 
ly determined. It is proved much 
more easily by using differential cal- 
culus. 

Determination of Optimum Conditions 
,for Maximum Accuracy 

" When there are two or more varia- 
bles to be measured, for best results, 
all of them should be measured with 
the same precision. Sometimes, there 
are interdependent variables in which 
one is inversely proportional to the 
■other. For a. two parameter case, the 
relationship becomes hyperbolic in 
form i.e. 

xt/= constant 

Such a case is of special interest, be- 


cause an attempt towards a better acc- 
uracy in one is off.sct by the cones- 
ponding climunition in the second, 
Below are given some examples to illu- 
strate the viewpoint. 

1. Suppose, it i.s de.sired to measure 
a given value, .say 10 ml of 
water with an accuracy of 1% 

by means of a glass jar, It is 
further assumed that we can 
detennine the radius of the jat 
accurately to 1/lOth of a milli- 
metre by a vernier callipers and 
lieight of the water column to 
1/lOth of a centimetre by a 

metre scale. What should be 

the optimum diameter of the 

jar? It is clear that if we in- 
crease the diameter for better 
re.sults, the height of the water 
column would go down and up- 
set the effort for a better acc- 
uracy. A coirnoromise value 
can be found as shown in 
Table I. 


TABLE 1 

Showing how the accuracy in h demands ont 


;* 

in cm 

% error 
in cm 

h 

in cm 

% erroi 
in h 

Volume 
In ml 

0.1 

10 

100 

0,1 

10 

1.0 

1 

10.0 

1 

10 

20 

5.5 

0.5 

4 

10 

5.0 

0.2 

0.4 

2,5 

10 


The optimum radius of the jar is 
1 cm for this case, and this gives 
the minimum error in the mea- 
surement of vblume. 

2. Similarly, in the surface tension 
experiment' by the capillary rise 
method 
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Radius X Height of capinary= 
Constant. Accordingly, the size 
of the capillaries required for 
various liquids would be 
different. 

3. In a Young’s modulus exiieriment, 
the attempt to determine more 
accurately, the radius of a wire 
by increasing its diameter is 
nullified by a corresponding 
dimunition in the elongation. 

4. In specific heat measurements, 
if one tries to increase the quan- 
tity of water in the calorimeter 
for a more precise measm-ement, 
it leads to greater uncertainty in 
the temperature— laiger the mass 
of water, smaller is the rise of 
temperature. 

These difficulties will have to be 
tolerated in the experiments where the 
aim is to study the variation of one 
quantity with respect to the other e.g. 
Boyle’s law, image and object position 
experiments in optics, frequency vs 
wavelength measurements in sound 
etc. 

To make sure that the students come 
prepared to the practical class, they 
may be given in advance, sheets of pre- 
pamtonj questions which they may be 
required to solve and submit just after 
their coming to the class. The ques- 
tions may relate to: 

i) meaning of the technical terms 
Hke least count, back lash etc., 

ii) purpose of the instrument and 
the functions of its various parts, 

iii) errors invloved in the experi- 
ment, 

iv) any practical difficulty which the 
teacher might have met while 
setting up the experiment, 


v) orders of magnitudes involved in 
the quantities to be measured, 
which may help in the selection 
of the proper apparatus. 

A set of a few typical questions on 
.some selected experiments is given 
below: 

Copper voltameter (for E.C.E. of 
copper): What do you mean by 
die term cuirent carrying capa- 
city of a conductor? What should 
be the resistance specification of a 
rheostat for drawing 1.2 ampere 
cuiTent from a 2 volt accumulator 
(about 1 ampere current is need- 
ed for electrolysis)? 

Seebeck Effect: What should be 
the minium sensitivity of a galva- 
nometer required for the experi- 
ment? 

Thermal Expansion or Bending of 
Beams: What should we use, a 
galvanometer, voltmeter or an 
ammeter for detecting that the 
spherometer has just made a con- 
tact with die beam? Remember, 
that a metal beam has practically 
no resistance, 

Suiface Tension: Wliat is the opti- 
mum size of the capillary required 
for measuring surface tension of 
water at 20 °C? 

I-Iere, it is assumed that the students 
arc already exposed to a wide variety 
of measuring instruments in various 
ranges, and have a sufficient knowledge 
about their precision. For example, 
least counts of vernier callipers, screw 
gauge, an ordinary galvanometer are of 
the orders of 0.1 mm, 0.01 mm and 
one micro-ampere respectively. 

The students at this stage, may fur- 
ther be instructed about some of the 
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important precautions to be observed 
while carrying out various measure- 
ments viz; 

i) As far as possible, the instru- 
ment should not disturb tlie 
state of object under which 
it is to be investigated, 

ii) The instruments should be mov- 
ed or operated with delicacy and 
not with Herculian hands. 

iii) The balance point in a Metre 
Bridge or any other experiment 
should be approached from both 
the sides. A simple A,G. mea- 
surement of conductivity of an 
electrolyte by using a Post OiB- 
ce Box (Kohlrausch Bridge) 
should bring the point home 
(Smith 1959) The same is true 
about the image positions in any 
optical experiment. ^ The mean 
of the two readings gives a more 
realistic value. 

iv) In all electrical experiments, the 
connecting wires must be short. 
This point is overlooked in gen- 
eral as is to be witnessed in the 
use of long and thin flexible 
wires in Metre Bridge or Post 
Office Box experiment, by most 
of the students in majority of 
the practical laboratories. 

v) In experiments, where the order 
of magnitudes of the quantities 
to be measured are not known 
in advance an approximate 
value should be obtained first. 
Rough focal length of a convex 
lens is immediately known, by 
focusing the rays from a bulb 
or sun on a piece of paper. 

vi) The position of minimum devia- 
tion in a prism spectrometer 


may be first located by eyes and 
then by the tele.scope. 

Graphs and Graphical Experiments 

Graphical experiments concern with 
the variation of one quantity with res- 
pect to tlie other by keeping others 
constant. Tlioy have to pass through 
three stages, pcrfomiancc, plotting and 
evaluation before any conclusions can 
be drawn from them. 

Performance i It is advisable to 
make an exploratory trial first for some 
values of x in the range to be investi- 
gated and draw a rough plot. It serves 
two purposes, firstly in fixing up the 
upper and the lower limits of y and 
secondly, in the selection of the por- 
tions of interest. The limits lielp in de- 
ciding whether or not the same meter 
can be used in the enthe range. 

The interesting portions are those 
where the curve takes a sudden turn 
and the slopes are steep, here a large 
number of closely spaced readings are 
required. In all graphical experiments, 
as a rule, the curve should be traced 
back i.e, the readings should be taken 
for X increasing as well as for x de- 
creasing. This is firstly, to discover, 
if there is any hysteresis effect and 
secondly for averaging out the values. 
This is the reason why in the experi- 
ments like Young’s modulus and 
modulus of rigidity the readings are 
taken when the load is increasing as 
well as when it is decreasing. In B- 
H curve (magnetic induction vs mag- 
netic field), it is well known that the 
ascending and the descending portions 
of the cui-ve are different, A similar 
effect is observed in the case of the 
thermal expansion of glass. 

Plotting: After the desired number 
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of obsemtions have been taken they 
should be immediately plotted. The 
obvious advantage of plotting is that 
the whole natuie of variation flashes 
out at a glance which otherwise may 
not be apparent from the actual values 
of the variables. It allows to give 
weigh tage to more accurately deter- 
mined reading. The obvious dis- 
advantage is the accuracy lost in plott- 
ing. In iilotting the following points 
should be taken care of; 

i) there are reasonable number of 
points which made the graph 
valid. The quantities wliich can 
be measured more accurately 
than can be read on a graph are 
not plotted e.g. mass and time, 

ii) the scale has been chosen pro- 
perly, such that it neither 

magnifies nor diminishes the acc- 
uracy of measurements (if y is 
varying very rapidly say by 
factors of 10 for small changes 
in X then log y may be plotted 
against x, vapour pressure vs 
temperature is one such 

example), 

iii) each point is encircled oi 

crossed and is accompanied by 
a vertical bar which indicates 
the uncertainty in the position 
of the point, 

For a purely pictorial representation 
and qualitative discussions, only psy- 
chological appeal should govern the 
choice of the scale. However, this 
does not apply to experiments where 
we aie mostly concerned with 
precision. 

iv) whether the curves should pass 
through the origin or not (some- 
times it may be inconvenient to 


show the point (0,0) for it 
involves waste of papei or an 
awkwaid scale; in such cases 
oiigin is transferred to some 
convenient point ) ; 

v) the graph through the points is 
drawn in such a way that tlie 
points appear equally scattered 
on both sides of the curve and 
finally, 

vi) the axes are marked clearly, the 
name of the quantity iilotted 
(or its symbol) is given along- 
with the axes scale is neatly 
wiilten and if possible caption 
of the graph is given. 

The piocedure (v) is based on the ass- 
umptions that tj is a continuous func- 
tion of X and the errors are random 
i.c. the number of errors witli the 
positive sign arc* as many as with the 
negative sign. Strictly speaking, the 
method of ‘best lit’ is aiiplicuble only 
to straight lines. For drawing tb(‘ 
straight line it is better first to fix u]i 
the centroid where x and y are 

the means of the x and y coordinates 
of all the plotted iioints. A straight 
line is now drawn through tlie centroid 
such that the rest of the points lie 
evenly distributed on both sides of the 
line. 

If the curve is not a straight line, a 
flexible celluloid knitting needle may 
be used to draw the cui-ve smoothly. 
If necessary, the curve may be divided 
into small portions and the knitting 
needle is fitted suitable to each por- 
tion, It is a good maxim to follow 
that the curve should always be drawn 
first lightly with a fine pencil .so that 
erasing and redrawing is possibh* 
afterwards. 
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The smoothness of tlie cui-ve may be 
tested by holding the paper so that the 
eye lies almost in the plane of the 
paper. On looking at the curve, along 
its length from this position of the eye, 
even small angularities become clearly 
visible and can be easily located. These 
angularities should then be sinoothened 
and the process of retesting be conti- 
nued until every part of the curve is 
satisfactoiy. If necessaiy, finn line 
with a sharp and haid pencil or in 
ink may now be drawn. 

It may bo remarked that the free 
hand method gives a smooth cui-ve i.e. 
one with as few points of inflexion as 
possible. Further, the ‘eye’ method 
works well when there is a small num- 
ber of points of fairly high jirecision. 
When there are a large number of 
points of low precision, the 'eye’ me- 
thod becomes uncertain and it is better 
to use analytical methods. The me- 
thods of least squares applicable to 
straight lines is discussed later in this 
section, For 'chi-square’ tests etc, 
used for general curve fitting, standard 
texts may be consulted. 

Sometimes, people also use French 
curves for curve fittings. However, 
their use is not to be recommended 
because they may give unreal shapes to 
the curve in its various parts. 

There is a large number of plots, 
choice of a particular type is dictated 
by -the purpose, wlrich it is required to 
serve. Eight types of plots which are in 
general use are; 

i) pictorial; which merely show 
the variation of one quantity 
with respect to the other, 

ii) linear: which are used to get 
some definite quantitative in- 


formation about the experiment, 

iii) log; when y is vaiying very 
rapidly with x, (as in vapour 
pressure vs. temperature curve) 
it is preferable to plot log y 
against x, 

iv) polar: for radial or directional 
distribution (e.g, ladial varia- 
tion of intensity round an 
electric lamp, magnetic and 
electric lamp, magnetic and 
ering of particles by a nucleus, 
shock wavc.s around a centre ol 
e,xp]osion ) , 

v) family of enraes: for showing 
the effects of a thiid variable 
e.g, isothennals in Boyle’s law, 
characteristic curves of a triode 
valve, 

vi) contour: for showing the con- 
stancy of a third variable in all 
the directions e.g. isobars, iso- 
gonic lines, isothermals of the 
globe, electron density maps in 
X-ray analysis, 

vii) alignment, ordinal tj intercept 

and CO! relation chads: for show- 
ing the effects of many vari- 
ables. For details and illustra- 
tions Kose (1942) and Spangen- 

berg (1957) may be consulted. 

viii) lest plots; for verifying or 

magnifying departures fiom for- 
mulae which otherwise may not 
be apparent e.g. Pv vs P and 
Debye vs T plots in Boyle’s law 
and specific heats of solids 
respectively, 

Each graph has some features and 

each feature should reveal some physi- 
cal property and therefore, they should 
be noted. Below are given some fea- 
tures whose knowledge is also essential 
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for the tracing of the curves: 

(a) Geneial nature of the curve. 

It may be linear, quadratic (time of 
swing of a pendulum), cubic (sag of 
a loaded beam), hyperbolic (P us V 
in Boyles law) exponential (charging 
of a capacitor) symmetrical, periodic 
etc. It helps in guessing the equation 
to the cmve and discovering the law 
existing between the related quantities. 

(b) The portions in which it is straight 
and especicdltj parallel to one of the 
flaes. 

That region in which, part of the 
cui-vc remains say paiallcl to the axis 
of X, tells that y lemains constant there. 
For example, magnetic field between 
a pair of coaxial coils of a Helnholl 
galvanometer remains constant. 

(c) Saturation: 

A slightly different form of (b) is 
the exponential .curve. Here y stays 
practicaUt/ constant over large values of 
r i.e. y does not change appreciably 
for various values of x beyond a certain 
value. The examples are charge and 
discharge of a capacitor, radioactive 
decay etc. 

(d) Turning Points: 

These are the points on the graph 
where the slope changes sign. These 
may give rise to maxima, minima, 
points of inflexion. For example, res- 
onance corresponds to maxima in a fre- 
quency response curve, power deliver- 
ed from a battery is maximum when 
the external resistance is equal to the 
angle of deviation plot point of inflex- 
ion occur in a Gaussian distribution and 
in a beam uniformly loaded through 
total internal resistance of the battery, 
one determines angle of minimum de- 
viation from a angle of incidence vs 


out (Rose 1958), in the latter case it is 
also called point of contra-flexme. 

(c) Discontinuities or Abrupt Changes 

of Slopes: 

These indicate a large change in the 
value of one of the variables for a 
small variation of the other quantity. 
Ill Helmholtz galvanometer, thcio i.s a 
steep diop in the magnetic field out- 
side the coils. Point transitions in 
specific heats and discontinuities in X- 
lay absoiqDtion edges are well known. 

(f) Intercepts along the axes: 

The point or points at which a curve 
intersects the axes help in deducing the 
form of the equation and the evalua- 
tion of some of its constants. 

(g) Points where the graph icminale: 

Angle of incidence i;,? angle of mi- 
nimum deviation plot in a prism spcc- 
tometer experiment may indicate the 
positions of total reflection. 

Now, we lake up the application of the 
various types of plots. A pictorial or 
natural plot can ho u.sod for one of the 
following jinrposes. 

(i) Intcrjrolatio-n: i.e. determining 
the value of one of ihc quantitie.s y for 
a particular value of the other quanti- 
ty X e.g. from a boiler one can find 
from the consumption of coal vs, time 
curve, the hour of the day when the 
consumption of the coal is maximum. 
Some of the other similar nppliattioii.s 
arc calihiation curves drawn hclwecn 
the corrc'.siiondmg readings of a thermo- 
couplo and a standard thennometcr, 
determination of dcn.sUy at any tern- 
poraturo from a density versus tempera- 
ture plot, values' of interplaner spacing 
from Gnomonie curves (d vs. O plot), 
structure factor in X-ray analysis from 
f vs. Sin plot, for a scaling up or down 
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by a constant factor the marks of stu- 
dents. 

(ii) Extra}Malion'. It means finding 
the N'aluc of y for any .such value of x 
which dot's not liis on the curs'C. In 
such ca.ses, the curve beyond the drawn 
region i.s extended according to it.s 
visible trend. The examples are the 
determination of absolute zero from 
(lharle’s law and lattice constant a for 
the glancing angle 0=0 from, a vs 
Cos®) plot in X-rays. 

(iii) Cut-off: Intensity i3.y, wavelength 
in X-rays and .stopping potential vs. 
wavclenglh in the case of irhotoeicctric 
effect yield, Dunne Hunt limit and the 
threshold frequency respectively. 

(iv) Calculation of iulerccpts and 
slopes: In a re.sistancc vs. temperature 
cun'o 

R saRj-i-ait-f-ajtM-aatb,. 

the intercept on the resistance axis 
gives directly Ro and I/Rq x slope the 
value of the temperature coefficient of 
resistance at a particular temperature 
A platinum resistance thermometer, or 
a torch bulb may be chosen for this pur- 
pose. 

Datta (1962) has discussed the de- 
tails of such a method in the case of 
thermal expansion measurements by 
X-rays. Similarly, the value of the in- 
tercept along the E-axis, slope at the 
minimum of an internal energy (E) us. 
entropy (S) curves gives directly (he 
value of the free energy (F=E— TS) 
and the transition temperature (Seitz 
1940) for a particular phase. 

It is difficult to determine slopes, 
especially at a point where the 
curvature is large e.g. time us. gal- 
vanometer deflection in Stefan’s con- 


.stanl (Worsnop and Flint 1960). It is 
usually easier to draw a normal at tha 
desired point and then to construct the 
tangent at right angle.s to the normal. 
The normal may be located by minor 
(DaLsh and Fender 1959) or by a 
piece of capillary tubing (Llownroh 
1967). 

(v) Area under the euwe; For ex- 
ample areas under a hysteresis curve, 
c.m.f us charge in a thermoelectric 
diagram, within an indicator cycle 
(pdv or f (x)dx in general give the 
value of tire work done. 

For finding out the area under any 
eurve* tlu-re arc three methods, count- 
ing lire number of squares, employing 
trapezoidal rule or simpson’s rule. In 
both iho latter methods, the area under 
curx'e js divided by equally spaced 
ordinates. According to tire trapezoi- 
dal rule 

area ^ V + 

y+ end) 

Where h is the difference in x-coor- 
dinate between successive y-values, 
Here, except the first and the last terms, ' 
all the middle terms are multiplied by 
2, In Simpson’s rule 

area= ^ (y start-l~4yj+2ya-l- .... 

2y7 |-4yj-fynnd) 

Here, first and last tcmis are multiplied 
by unity, while the intervening terms 
arc multiplied by 4 and 2 alternately, 
finishing with a 4 because an odd num- 
ber of terms is used. 

For many quantitative evaluations, it 
may be desirable to reduce a curve to 
a linear form by a suitable introduction 
of new variables. The obvious advan- 
tages of a linear plot are ease in: 
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interpolation 

extrapolation 

determination of slope and 
intercepts along the axes. 

One chief disadvantage of reduction 
to linear form is that it suppresses many 
of the important features of tire origh 
nal plot. Some of the features which 
disappear in the case of a compound 
pendulum have been mentioned later. 

It may he remarked that in many 
cases both types of plots are necessary 
for a complete understanding of a 
phenomenon. An excellent example is 
provided by the experiments on ioniza- 
tion and excitation potentials (Wehr 
and Richards 1960), where it is essen- 
tial to use a linear plot for the former 
and a pictorial one for the la,tter. 

The transformation to the linear form 
can be discussed under two headings 
when the form of the function is known 
and when it is unknown, (i) Deter- 


period at l=k. 

2. symmetry i.e. periods are equal 
on either side of 1= +k and further 
that there are four points of equal 
periods, and that 

3. Graph lermrnates for these two 
values of I which correspond to the 
distances of the ends of the bar pen- 
dulum from the C. G. 

It has already been mentioned when 
there is a large number of points, each 
of low precision, the eye metliod he- 
comes uncertain. A large number of 
straight lines, with slightly different 
slopes appear to be equally probable. 
If it is assumed that the errors are all 
random than the best fit is obtained by 
employing the method of least squares, 
The outline of the method is given be- 
low: 

We have a set of observations 
( y< ) through which it is intended 
to fit a linear relation 


ruination of the constants of an equa- 
tion when the form of the equation is 
known; 

(a) Consider the expression for a 
bar pendulum 

2 12+k2 \ 

Ig 

Where g and k are unknown. Squaring 
gives 


12 ^ 


4 2 

g 


or y=srnx-l-b 

4 2 4 2 k2, 

where m = 1 b = - 

g g 

from which g and k (radius of gyra- 
tion) both can be determined. 

It may be noted that the linear plot 


corresponding to eq (2) conceals the 
following features of T vs. I plot: 


y==mx-f b 

It is assumed that each y is equally 
reliable i.c. has the same statistical 
weight, each xi is precise and all the 
errors are only in y<. Now, the best 
straight line is one for which tire error 
is minimum. It is obvious that if the 
errors are random, sum of the errors 
in y i.e. yj will always be zero, hence 
we try to minimise the sum of the 
squares of the errors. Wanting: 

y,=yi-(mxj-hb) 

and ( y,- i b^H-2mX(b 

•— 2mx<y(— ey(b 

We get, for the sum of the en'ors. 

M= (y<)^=y24m2 x,2-i-b2-[4mb Xj 
—2m x,y,-2b y. 

The condition for tlie minimum value 


1. there is a minimum in the time of M with re.specrt to m and b are 
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I’lie first condition gi\’es 

2m ; 2b Xi-2 tx,y,) - C) 

The sf'concl 

2nb 1 2m Xj 2 y. C). 

Tile simiihaneons ctivialioiis yield the 

btxst values of ni and li as 

m „ ” (’ti yd y* 
n‘x*^ - (x,)‘ 

h - ?‘-.y' “ i**^yd 

■■ n xV - ( x, V“ 

Standard deviations for in and b can 
be found in the usual way (Baird 
1962). \A'c once again emphasize that 
here, ( xi, y, ) is the f tli observed 
value, 

TIic method gives us the best aver- 
aged value of the oonslaut.s and saN'cs 
us from the botheration of finding the 
average value from a number of obser- 
vations. For example, (period)® m 
length curve of a simple pendulum can 
be used for finding the moan value of 
the acceleration due to gravity. 

Firstly, it may be remarked that 
after all these steps, one should not 
expect an accuracy better than what 
the instruments can read. Secondly, 
reading of the slopes directly from the 
graph for 45“ is not to be recommend- 
ed, as 0 approaches 90“, a slight error 
in the reading leads to a great error 
in the value of tlie slope, For 0 45*, 
only analytical methods should be 
used. 

(b) The thermionic current density 
emitted from filament is given by 

;-AT= «p ( - - ) 

Where A and O are unknown. Trans- 
forming it to the forfn In J 


In A ^ 
or y~b-mx 

J O 

where y-Tn .j.j, and ni™ 

A and O both can be determined. 

(c) For a radio-active decay 
Mbs Noe t 
In N In No -- t 
or y ™ b — X 
gives both and No, 

A similar plot will hold for In of in- 
tensity tw. thickness of the absorber for 
x-ray and y-ray absorption experiments, 
In of number of disintegration vs, half 
life or mean life for cosmic rays, and 
In of energy vs. range for —particles 
(Ilalliday, 19.50 pp, 146, 452, 146). 

(d) Log-log i>lot,s are very liberally 
used in Nuclear Phy.sics and Cosmic 
llay.s, c.g. in In cross section us. In en- 
ergy of tlic incident particles, In fission 
os. In mass number, In meson omissivi- 
ty us. In momentum of incident cosmic 
ray.s (Ilalliday 1950 pp 226, 229, 232, 
249, -108, -146). 

Cases Involving Three Unkno\vn 
Constants 

Suppose function has one of the fol- 
lowing forms: 

1. (a) y SB bx"-;-a 

Some of its .special fonns are 
y=ax-l-b, y=a-)-b/x, yt=a-bbx®, 
y«=»ax’' and 
(b) yc=a (x-l-b)" 

2. A quadratic or parabolic from 

y=a-d-bx -1-cx® 

3. yB=a-l-be”* 

4. A periodic form 

y=e-«® Sin (bx+c) 

AH' these equations involve tlie find- 
ing of the three constants a,b,c (or n). 
In' sotiie i special cases one of the 
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con slants may be zero which will make 
the task easier. The following helps in 
airiving at the correct form of the equ- 
ation and consequently the course of 
transformations to be adopted for the 
plot. Note the nature of the cui-ve, see 
whether it is parabolic, periodic, mono- 
touically incieasing or decreasing or is 
symmetric. The first two should have 
the relationsliips of types 2 and 4 res- 
pectively. A montonically incieasing or 
decreasing curve tells whether the ex- 
ponent n is iiositive or negative and 
the symmetric nature decides that the 
poweis are even. Now, the intercepts 
along the axis of y and x aie seen, the 
former gives the value of the constant a 
in 1(a), 2 and 3 and the latter of b 
and c in 1 (b) and 4 respectively. If 
either of them is zero the cmwe would 
pass through the origin. The periodi- 
city of the curve gives the value of b 
in 4 and consequently by choosing any 
point on the curve a can be detennin- 
ed. Similarly, any two points in 2 
yield the values of b and c. Now, foi 
deciding between 1(a), 1(b) and 3 the 
following transformations are made. 

In (y-a)=In b-|-n In x for 1(a), 

In (y— a) =In b-|-nx for 3. 

Here a plot of In (y— a) vs. In x in 
the first. In y vs. In (x+a) in the second 
and Li (y— a) vs x in tlie third case 
would give a straight line and hence 
from the slopes and the intercepts the 
constants b and n are obtained. 

A word of toaming is necessary con- 
cerning the iilotting of logarithmic 
values. The mantissa of a logarithm is 
always positive whereas its characteris- 
tic may be either positive or negative. 
The trouble is avoided by first marking 
the characteristics on the log axis of 


the graph and then putting the mantis- 
sa as always increasing from the nega- 
tive to the positive direction. 

2.0 2,5 1-0 1.5 0.5 i:0~T5~"2'.0 

For a very general form of a cui-vo 
special methods are needed. Some 
special general forms which can be 
treated conveniently arc polynomial 
forms. 

y=a„-l- aix-bRaX'-t- . . +a,„x’'‘ and a 
periodic form y (t)=y (T-f t). 

The e.samples of the former arc equ- 
ation of state of a gas in terms of the 
virial coefficients, variation of electrical 
resistance with temperature and of tlio 
latter are analysis of a wave (elec- 
trical accoustical or optical), vibration 
of strings, daily weather etc. 

It is sufficient to say that m constants 
of a polynomial can bo deteimined by 
solving m simultaneous equations. The 
m equations arc set by putting the 
numerical values of x and xj of m well 
chosen, widely distributed points of the 
curve. If the points chosen arc veiy 
near they may yield the equation to a 
straight line. Similarly Fourier analy.sis 
is applied to periodic functions. 

It may further be remarked that nor- 
mally it is assumed that y is a con- 
tinuous function of x and there may be 
infinite iiossibilities which may be fitt- 
ed and made to pass through a finite 
number of points, In fact, the best 
thing for an investigator is to start 
from the simplest y— constant, or a 
straight lino of zero slope and then to 
go over to the more complex parabolic, 
exponential and logarithmic forms. 

In the conclusion it may bo said that 
if it be possible to design an experi- 
ment in which all tlie variables except 



SCHOm. KIKNCK. ItWW 


8a 

the ones under investigation, arc com- 
pletely undc'r control, then in prindirlc. 
the above, mentioned methods should 
help in deterniining the complete func- 
tional relationship hetvieen the difFer- 
enl iptiuitities. 
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D ATESON in 1906 proposed the 
name ‘genetics’ for the science con- 
cerning heredity and variation. The 
words ‘heredity’ and ‘variation’ nae^in the 
resemblances and the differences, res- 
pectively, shown between the parents 
and their progeny. The fundamental 
principle.? of inheritance which operate 
m man arc essentially the same as in 
other animals or plants. The study of 
the relative importance of heredity and 
environment in the development of 
human bodily traits and of intellectual 
and emotional faculties has been of 
great general interest. No final and gen- 
erally convincing solution of tlris problem 
has as yet emerged. Traits such as 


alcoholism, criminality, poverty, noma- 
dism or their opposites are frequently 
obseiwed to recur in some families gene- 
ration after gcneiation and because of 
this are often ascribed to heredity, This 
conclusion need not necessarily follow 
because the facts can often be as well 
accounted by assuming that tliese traits 
are environmentally conti oiled. It is 
evident, for example, that a child grow- 
ing up in a family in which criminal 
conduct is regarded with favour is more 
likely to fall into delinquency than a 
child in a family in which honesty is ad- 
mired. Similarly, social eminence is 
more easily attained in families of wealtli 
and refinement than in surroundings of 
poverty and ignorance. 

The most important general restric- 
tion on the study of human genetics has 
been the constitution of our society so 
that we arc not able to subject ourselves 
to rigorous experimental conditions. In 
experiments with other animals and 
plants, the enviionment is kept constant 
so that the effects of genetic differences 
alone arc measured for each type of en- 
vironment. The other experiment is 
planned in such a way that different 
genotypes arc kept constant so that the 
effects of environmental differences 
alone can be studied. Tlie term geno- 
type is given to a group of individuals 
which show the same chaiactcrs genera- 
tion after generation. In other words, it 
is a dislinet and a genetically stable, 
form. In man, isogenic (genetically 
identical) strains are not available for 
such experiments. It is also not possible 
to control at will the tnivironmcnt in 
which the individuals would develop 
tlieir characters. Nevertheless, certain 
phenomenon in man approaches the ideal 
arrangement of an experimental design. 
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Identical twins are isoj>enic and pennit 
slnclies of the effects of different en- 
vironments, while non-identical twins 
art' Renelically different and perni'l stnd- 
it's of the effects of difft'rent j^entitypes 
in a similar environment. The idenliral 
or the one-eftg twins originate from the 
division and separation of a single ferti- 
lized egg. That is why these are also 
known a.s monozygolie twins. Meinhers 
of .such a pair are identical, as t<i genes 
in chromosomes, since the nuclei of their 
cells have arisen by milo.si.s from a single 
common .source. CierKss are heredits 
determining particles, fflui fraternal tir 
the two-egg twins residt from the ferti- 
lization of two different c'gg.s by two diff- 
erent .spenns. The member.s of .such a 
twin pair are no clo.ser genetic relnlive.s 
than arc .silis of different birth, .‘iibs are 
offspring of the same parents. 



Photo f. The slrthlni; physical resemblance of 
the monozygotic twins can be clearly seen In 
this case, 


A particularly simple way of scoring 
differences between twins is to consider 
such traits which arc either present or 
absent. The twin pair is regarded as 
concordant when both the members pos- 
sess or do not possess a particular trait. 
Discordance in tiffs context would thus 
mean that only one of the members of 


the twin possesses the trait and the otliei 
does not. 

llie strikingly gn'ater physical simi. 
larily between identical twiirs than be- 
tween fralernals- indicates that dih te- 
seniidance is dne to their identical 
genes rather than to similar environ- 
ments which fratcrnals also share witbin 
their mother's body. Identicals arc al- 
way*, alike in sex, blood group.s, bair 
and (we colour and many other physical 
traits, while fralernaks may differ in any 
one of them. This i.s, in fact, a good 
evidence (hat heredity is the deciding 
factor in respect to these traits, Even 
more significant are observations on 
identical twins who has'e been separat- 
ed at an early age and brought up in 
different envirnmnenl.s, .Since identical 
twins reared apart ri'tain their similari- 
ties in most physical traits, thc.se features 
are considered to he relatively indepen- 
dent of the type of environmental influ- 
ence.s erieountert'd after birth. Tlie 
.similarity in the physical features of the 
two sisters or two brotlicrs comprising 
an identical twin pair can be so perfect 
that even the parents of the twins may 
find it difficult to distinguish one from 
the other. It ha.s been observed that 
the members of the identical twins 
show shnilarity even in such a character 
ns the type of facial folds in the fore- 
head. The .skin colour i.s also similar in 
identical twins. It may, however, be 
mentioned that skin colour of an indi- 
vidual can be temporarily influenced to 
some degree by extemal .surroundings. 
In most of the cases even the finger 
prints of the identical twins are similar 
to each other. 

It has been found, in general, that 
pieces of skin taken from one person 
and gi-afted to another do not remain 
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Photo H. The non-identical nature of the twins 
is evident from physical dissimilaiity of 
the two boys 

healthy but slough off after a few days. 
This histo-ineompatibility is due to the 
genetical dissimilarity in the tissue of 
the donor and the recipient. It has 
therefore become a common practice 
to use the skin of one part for grafting 
to another part of the same body. 
This type of skin grafting is successful 
as the genetical make-up of all the skin 
present in diffeient jiarts of the same 
body is one and the same, Permanent 
and successful giafts can be obtained if 
the donor and tire recipient are members 
of a mono2ygotic twin. Since identical 
twins have all genes in common, grafts 
from one twin to the other are accepted 
as are grafts from one part to another 
part of the same body. Tissue-grafts 
have been used in deciding the relation- 
ship between the two members of a 
twin who had been separated fiom each 
othei and assigned wrong parentage by 
mi.stake. The skin grafting lest wa.s 
used to find out the conoct parentage 
of a boy in Switzerland. Six years after 
the birth of a paii of clearly non-iden- 
tical twins, Victor and Pien-e, it was 
obsciwed that another boy, Eric, of 
another family had a strikftig resemb- 
lance to Victor. The suspicion arose 


that a mistake had been made in the 
assignment of the babies as all the three 
childien were born on the same day in 
the same ho.spital. It seemed likely, on 
the. basi.s of the physical resemblances, 
that Eiic wa.s the identical twin of Vic- 
tor and that Pierre was a single birth 
child belonging to the other family. 
This was pioved eonect by successful 
skin grafts from Victor to Eric and vice 
versa. The skin grafts fiom Victor to 
Pierre and vice versa did not .succeed. 
The other circumstantial cv'idences also 
went in favour of the conclusion drawn 
on the basis or the results of the skin 
grafting test. 

The power of heredity may express 
itself dramatically in identical twins, 
even though they have been brought up 
under diffeient conditions. There is an 
interesting case in literature of a twenty- 
two year old farmer who refused to eat 
his lunch one day because he thought 
his mother was trying to kill him by 
poisoning the food. Gradually, ho be- 
came more and more psychologically 
deranged. Finally, he was admitted to a 
mental ho.spital as a victim of a disease 
called schizophrenia. Two weeks later 
another person who had been living 
widi his aunt at another place for the 
past five years was admitted to the .same 
ho.sinlal suffering from the same disea, sc, 
It turned out that he was the: finst pati- 
eiU.s’ identical twin. It may be pointed 
out here that studies on twins from sex’C- 
ral counlric's uniformly .show higli de- 
grees of concordance for sehizophrenia 
in kh'utical twins and lower degrees in 
non-iclcnticals. The incidence of .seln- 
zophrcnia, a hereditary mental disea.se, 
in the gencial population has been esti- 
mated as approximately one per cent 
Tile identical twiii.s\ in general, .show 
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much mnru similarity with respect to 
their susoeptihilily to tuberculosis than 
the non-icleiilieals. Tlic high concor- 
dance may also be intei-prclcd to 
mean that if one member of a given 
pair has tuberculosis, the other twin has 
a good chance, of getting the disease. 
Hie fact that the disease does not 
always strike both the members of an 
identical lAvin may be considered as an 
indication of the fact that environment 
also plays an important role in the ex- 
pression of this character. It has been 
reported that the tumors affect both 
members of a monozygotic twin pair far 
more frcrpicntly than they do the two 
members of a dizygotic twin pair, Fur- 
ther, (he tumor was found to he of the 
same, type and occurred in the same 
organ far more frequently in the identi- 
cals than the fralemals. The age of 
onset of the tumors was much more 
nearly similar in the monozygotic than 
in the dizygotic. Ihesc findings empha- 
size the role of heredity in tumor pro- 
duction and their age of onset. The 
role of environment in relation to t-umor 
production would be almost tlie same 
as discussed with respect to tuberculosis. 
Tlio studies on the general metabolic 
patterns of the identical twins have 
given some interesting results. In one 
of tlic investigations various individuals 
were tested for thirlyone physiological 
trails, which included taste sensitivity 
to different substances, tlic amounts of 
different substances in the saliva and tire 
presence of some substances or the pro- 
perties of the urine. Identical twins, in 
general, were found to be similar in 
their metabolic patterns. Two other 
physiological traits which have been 
studied in human twins are blood pres- 
sure and pulse rate. Concordance to 


the extent nf 6.8 per cent has been re- 
corded for the identical twins with res- 
pect to their blood pres-sure*. The high 
feneordanet! could he duo to genetic 
identity or to the .similarity in the en- 
vironmental conditions in which the 
twins grew up. Tire non-identicals 
.slnnved 30 per cent concordance and 64 
per cent discordance Tlie genetic dis- 
■similarity of the non-identicals may have 
contributed its .share to lire high discor- 
dance. Tlie trend of ohscrs'ations about 
the inil.se rate are also similar as tire 
ones described for tbe blood pressure, 
lire cnvironmt'iit is, however, known to 
have a profound influence on such cha- 
racters as blood prt'.ssure and pulse rate, 
Tlie .studies on the criminal behaviour 
of the members of two lype.s of twins 
have been of great interest. Tire high 
concordance of a criminal record in* 
indentical twin.s may not be due to a 
bad home background alone, since con- 
cordance in the non-identicals is com- 
paratively much lower and non-identi- 
cal twins also show a common home 
background, Tlie studies on the life 
histories of the individual cases of some 
twins have disclosed that concordance 
in identical twins signifies not only that 
botlr were at one tune or another in pri- 
son hut that the typo of crime was even 
(luite similar. In many cases, both 
members of an identical twin became 
offenders at a time, after tlieir common 
childhood, when they had no more con- 
tact witli each olherj and non-identical 
twins were often discordant even if 
closely associated with each other. The 
high concordance of identical twins for 
many traits which have been determined 

*The (Jfehcordance for blood pressure 
meant agreement of the twins within a 
pressure diiference of 5 mm Hg. 
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to have hereditary basis may incline 
one to attribute the greater concordance 
in criminality of identicals as compared 
to non-identicals to the identity of their 
genotypes. The gi'eater similarity in the 
environment of identical twins plays an 
important role in this trait of criminal 
behaviour. The facts on criminality in 
twins actually show only that identity 
in genes plus the close similarity in so- 
cial experiences, at least in early child- 
hood, are more likely to bring both iden- 
tical twin mto prison than two non- 
identicals who have non-identity 
of genes plus less similar social 
experiences. On the basis of the pre- 
sent data, one cannot exclude the possi- 
bility that the hi^ier concordance for 
criminality of identical twins is mainly 
the result of their more social experien- 
ces; nor can one exclude the opposite 
possibility that their high concordance 
is mainly the result of their identical 
genotype. Studies on criminal twins 
who have been reared apart from birth 
may help in getting the correct answer 
to this question. It is, of course, quite 
doubtful that a behaviouristic trait like 
criminality should be regarded heritable 
as often the economic conditions can 
lead one to committ a crime. 

It IS comparatively difficult to deter- 
mine the relationship between heredity 
and environment with respect to intelli- 
gence and other mental and emotional 
traits. The identical twins reared apart 
are often quite appreciably different in 
such triats, although still somewhat- 
less so than is the case with the fraternal 
twins. Psychological traits seem to be, 
accordingly, more susceptible to envi- 
ronmental modifications than are physi- 
cal traits. Interesting observations have 
been made on the heredity-environment 


relationship with respect to intelligence. 
This is a character which is based on 
the assumption of inherited psychologi- 
cal capacities and acquisition of external 
cultural tools. One of the methods to 
find out the intelligence of a person is 
by deteimining the Intelligence Quo- 
tient, commonly known as the I.Q. This 
is measured by the following fonnula: 

Mental age X 100. 

I Q = ? — 

Actual age 

The mental age of a peison is deter- 
mined with the help of ceitain tests. It 
has been reported in one of the studies 
that the average I.Q. difference in iden- 
tical twin pairs i eared together was 5.9 
whereas the corresponding figure for 
the non-identicals was 9.9 points. 
These observations may suggest 
the importance of heredity. Another 
point which goes in favour of 
the idea of heredity detei-mining the 
intelligence of a person is that the 
adopted children are, in general, less 
similar to their adoptive parents than 
the own children of a control parent 
group with respect to this character. In 
one of the studies it has been reported 
tliat the mean I.Q scores of die adopted 
children were related to die quality of 
die adoptive homes. It was further ob- 
sei-ved that there was a continuous 
decrease in mean I.Q. with descent in 
occupational status of die father from 
professional to the relatively unskilled 
occupations. Tlicse facts clearly de- 
monstrate the modifying influence of 
home environment on intelligence-test 
behaviour. Aldiough intelligence, as 
measured by I.Q., is influenced by here- 
dity; yet education, proper guidance and 
hard work can alter the I.Q. with such 
wide limits that an individual who 
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slart.s with the LQ. Iowlt tliuti anotlier 
tiKiy eventually eatcli up aiul nvertake 
liini. Then* may he* .scinie cnrrcl.ilitm 
between .sneial aclvuntaf;(‘ and liijther 
LQ, but it is' smaller than that hi’tweeu 
educational advantage and intelligence 
quotient. An example is pros'ided by a 
pair of identical twin, one of whom was 
brought up in a low income group and 
the. other in the home of a well-to-do 
physician. The hs’o hoys had equal 
number of yeais of .schooling and were 
thirteen years old when tested. In .spile 
of the .social advantagess fur the adopt- 
ed .son of the physician, his T.Q. score 
wa,s practically identical to that of his 
brother. How dangerous it is to g(‘ne- 
ralize from findings in this coniple.'c field 
of human behaviour is shown by a pair 
of English twin brothers who were 
.separated early and who lived ec>n.sider- 
ably different social cnvironnienls, 
though their formal schooling wa.s alike. 
In this case, the twin who experienced 
the pooler environment was 19 points 
higher than his brother, In general, the 
twin studies on iiitelligcnee-tost beha- 
viour show (i) greater similarity in LQ. 
of identical twins, whether reared toge- 
ther or in different homes, tlian that of 
the non-identical twins reared in the 
same home, (ii) a strong tendency of 
modifiability of the I.Q. score under the 
influence of differences in environ- 
ment, 

The striking similarity of monozygotic 
twins in both physical and mental traits 
contrasts with the absence of any such 
close similarity in the dizygotics remains 
a strong support for the view that neitli- 
er in body nor in mind are men born 
alike. Manners and beha'viour are 
doubtless determined very largely by 
cultural influences of the society of 


wliicli the mdividu.d is a member. In 
fact the role of euvironmeiil is as impor- 
tant as that (if Iicrcdity itself. For ex- 
ample, diabetes is hereditary yet a per 
.sou po.ssessiug the gene for diabetic 
eondition may live nonnally if he takes 
a ifslrictcd diet and regular injections of 
insulin. .So the "liatl” genes of diabetes 
are controlh'd li\’ an artificial environ- 
meiil of insulin and the persons live years 
lieyond their predtsslined span, Tlie 
dilieienti.Uion of .secondary sex charac- 
ters is brought out hs' hormones, The 
eonce]rl ol hmmoual determination of 
sc'Mud traits is by no means opposed to 
llie theory of genetic sex clelcimination. 
In women, lor example, tumor.s in the 
adrenal gland may cause it to .secrete a 
large amount of a male .sex hormone, 
lesulting in c.xces.sive facial hair growth, 
deepening of voice and other secondary 
mule ehurucli'r.s. This would evidently 
mean that the phenotypic (external) ex- 
presssion of a genotype is not fixed but 
depends on the environment in which it 
lii'cntnes realised. The relationship bet- 
ween heredity and environment, as jud 
ged by some peop'rle, Iras given rise to 
erroneous notions. Assertic)n.s are some- 
times made lliat in man and other mam 
mals, the developing embryo may some- 
how acquire a resemblance to objects 
seen Iry the pregnant inotber, Tlri.s is 
why when the sun is eclipsed some of 
the pregnant women in India irrefer to 
remain inside the rooms. It is also beli- 
eved by some that the general healtlr of 
the parents may influence the characteri- 
sitic of their progeny. These and such 
other beliefs have no scientific founda 
tions. 

In conclusion it may be said tliat 
characters like colour of the eye, the 
shape of the nose, the type of blood 
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gioup or the sex of an individual aic cnced by enviionmcnt. It has been, foi 
ordinarily not influenced by the cnviion- example, reported that the members of 
ment. The susceptibility to a disease an identical twin pair showed a signi- 
like tuberculosis and the development of ficant difference in the devcloiiment of 
a character like intelligence or the per- their personalities due to the effect of 
sonal temperament can be greatly influ- city and rural brought up. 
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Place of Museums in 
Science Education 

V. S, Agahwat. 


T he world is becoming museum 
conscious and the older concept of 
museums as store houses of queer ob* 
jects has become outdated. Musemns 
are now playing a very important role 
in the field of education in the world. 
In the U.S.A., twenty museums of old 
have now become more tlian a tlrou- 
sand and every School is encouraged 
to have its own museum. Thus it is 
very important to make use of museums 
in education for developing multipur- 
pose activities of a cliild, Museums 
are now: the centres of education, 
exhibitions, and research in accordance 
vtith idle itftemational concept. In 


India too museums can play an im- 
porfiiut rule in the field of school edu- 
cation ill particular, lire biological 
.sciences, like botany, zoology can be 
ver>' .successfiilly iiitnrduced to children 
of high .schools tlirougli museums and 
the most dilficuU topics can be present- 
ed to lliem in a very inlcresting manner, 

School ehiklren in India consist of 
a bclerogeiious mixture of boys/girls 
coming from, rural, uneducated sur- 
roundings; from different linguistic 
groups, from areas billy backward 
n-gions and Iribals. A uniform type 
of class lessons either based on inductive 
nietbods or deductive, procedures with 
reeapilululion charts will not suffice, 
I'lirtlier, the teacher very often has to 
face many pioblems .such as the varia- 
tions in intelligence quotienls of differ- 
ent children. This would make his pro- 
gress in lessons slow, and there will be 
lack of uiiifonnity in the education 
pattern. 

What in a mitseum? It can be said 
to be a ccuti'c of exhibitions of either 
made or collected siiccimens or objects 
arranged in a scientific manner for 
either educational puqioses or research 
or both. Hence the museum includes, 
the collection of objects, pieparation of 
exhibits from the collected and prepa- 
red materials, listing out in a scientific 
manner the various objects, the care of 
the objects, their labelling and finally 
their display, In this paper museum 
meant for educational activities only is 
being dealt with by taking a topic 
‘Propagation'. 

Besides the museum preparation, 
certain other museum activities are also 
to be carried out under which occa- 
sional topical exhibitions, temporary 
arrangement of objects or collections, 
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making of artificial objects and sketches, 
dioramas can be mentioned. For .such 
purposes lot of studies are required to 
be done by a teacher and a little muse- 
um training to the teachers will serve 
the purpose. The pupils .should not be 
put to hard labour of studying books 
and making notes etc. Flere tlie idea 
of a museum method is to lay empha- 
sis on practical work to create interest 
among students, and not to make them, 
realize that books are burden to them, 
and induce in them a kind of love to- 
wards their studies. 

Under the subject “Propagation," it 
is meant to teach them as to how ani- 
mals and plants propagate or disperse 
themselves which may include dispei- 
sal of seeds in plants and natural and 
artificial selections, and the modes of 
multiplication among animals. 

A museum should be organised m 
the following manner. Students of a 
class can be selected as shown below: 

(1) Students who are very fond of 
outdoor woik. 

(2) Students who have a flare for 
writing, 

(3) Energetic children are enthu- 

siastic. 

(4) Children who mix well with others 
social bent of mind. 

Tliey may be assigned the following 
tasks. 

One group could be a.ssigned 
collection work. They could collect 
specimens on holidays, bring them to 
tlie school, sort them and keep them 
in containers or in the dried form, 

Anodier group can be given drawings 
of seeds and plants. 

A third group may be given the task 
of labelling and preparing catch labels, 
labels of associate objects, side labels. 


specific labels and descriptive laljels. 

A fourth group assigned for clay 
modelling of those seeds which could 
not be collected but aic important from 
seed dispel sal point of view. On the 
basis of the capacity of a school, it may 
U.SC microciystaline wax, plastei of 
paris, etc., in iilace of clay to get better 
models. 

A fifth group may be cntiustcd the 
task of taking photographs of trees, 
plaiits etc. whose seeds are dispersed 
m a dillerent manner and tlie teaehei' 
may guide them on this matter. Here 
llicy can also be made to Icani, develop- 
ing and printing as well. 

The last group may be asked to do tlio 
preservation and ariangcinent of exhi- 
bits which involves team work and arli- 
.stic ornamental bent of mind. 

In a similar mamiei, propagation by 
animals can bo attempted when animals 
having xiower of regeneialion. by bud- 
ding, by fis.sion or vegetalively, or re- 
pioduec through eggs. These can bt' 
.shown ciTectively with interesting catch 
labels, models and a scries of skctehe.s 
or iibolograplis. 

Every year additions to the existing 
specimens could be made and the 
students will then he required to exa- 
mine the museum collections frequent- 
ly. Sometimes cross questioning will 
inculcate, in them a compc'titivc spirit. 
The home ta.sk from books .should he 
avoided a.s far as pos.sible. 

All other topics in biological sciences 
can be tiied in the same manner efi'ec- 
lively, Tlie teacher explain.s the.se ' 
natural iihenomena. A.s tlic* air-ship 
can move in the atmo.s‘phcre with its 
rudder, wing.s etc and its efficient fliglit 
depends upon the velocity and direc- 
tion of the wind, the winged or baity 
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seeds can also be cairied away by tlie 
wind, They move in the atmosphere 
and whcievor they fall on raoi,sl land, 
they stick to it and germinate, The 
water dispersed seeds are very hardy, 
resistant (to such an extent that they 
can lemain in a viable .state for 25 yeais 
01 more), light (as they can float on 
water) so that whenever they aie drifted 
by cunents to the shores, they at oriee 
stick to the mud and germinate. Ex- 
amples like coconut may be given. The 
seeds stick to animals who carried away 
to far of places and at limes left on dry, 
sandy lands, and left to nature's mercy. 
If such seeds are resistant to almoimal 
conditions, they may be again carried 
away by other animals and reach desti- 
nations where they get suitable eliniiitie 
conditions and gciiniiiale, Plants’ fruits 
sometimes act as (explosives. The 
viscum fruits burst from the apex and 
throw their seeds to distant places, but 
the eucalyptus plants burst from the 
middle throwing their cap ficst, then the 


seeds me pushed witli a jerk one after 
the other like a machine gun. 

In Moss sporopliyle the whole .spoie- 
l)()x IS sent out like a bidlet and in bal- 
sam plant the pod twists around and 
scatleis away its seeds, lienee with 
such demonstrations llie whole lesson 
becomes iiol onl)' easy but xery 

altractis'c, 

This lietei()geiion.s typt* of instinclion 
by way ol drawings, attractive 'ind in- 
teresting titles, different labels with 

visual (lemonslialions will be aide to 

give enough ol material for evmy type 
of boy/giil to grasp the .subject aeeoid- 
ing to bi.s ability and intelligence. This 
method will .surely prove ellVetivi* and 
beneficial il implemmiti'd in all sebools. 
If this cannot be followed m all schools 
of a city siiiniltaiieonsiy for eeilain 
rea.soiis, a good institution with enougli 
Onaiieial backing may start a mobile 
miiseimi subject-wise to as,sisl other 

edueatioiial iiistitutions of any region, 



National Science 
Talent Search 
Examination, 1967 

A Critical Study 

Vh) Ratn’a 


T he National Science Talent Search 
Scheme has now been in operation 
by NCERT for almost five years. The 
two chief purposes of this scheme are: 

1. to locate promising students who 
can he considered potential scien- 
tists early at the secondary stage, 
and 

2. to nurture the talent so that their 
creative powers develop in the 
best possible way. 

To meet the first of these purposes 
the selection of students studying in 
Class XI (or equivalent) is done in three 
stages; 

1. Only those students who have secur- 
ed 55 per cent or more marks in 
science subjects in their annual ex- 
amination of Class X are allowed to 
appear at an All-India examination. 


2. In the (‘xainiiiation, which is held 
on the first Sunday of every Jann- 
ar>', the examinees take an objec- 
tive type ‘Science Aptitude Test,’ 
write an ‘Essay’ and submit a 
‘project Report’ written by them 
earlier on some experimental or 
thoorclictil work of .scientific nature 
done by them. On the basis of 
their score in these three tests, 
about 12(K) students are called for 
interview. 

3. As a result of the interview about 
.‘350 students are selected for the 
awaul of scliolanships on the basis 
of their total score in the written 
tf.st and interview, Tlie scholar- 
.s'hip is awiudcd with effect from 
the month of July every year. 

Since Ihc selection of the right type 
of sliidenls rs the hack-bone of the 
whole scheme, a constant evaluation of 
the technique of selection is extremely 
essential. The above described technique 
is intended to assess the pmpils: 
aptitude for science, 
powers of scienb'fic reasoning, cri- 
tical thinking and skill in scientific 
experimentation, 

ability to apply knowledge, to 
analyse and interpret scientific data, 
ability to express scientific concepts 
clearly and precisely, 
creativeness and mental altertness in 
the investigation of scientific pheno- 
mena, 

awareness of the basic nature of 
science, 

knowledge about the recent deve- 
lopments in the various branches 
of pure and applied sciences, and 
skill to devise and develop some 
original ideas experimentally. 
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Although the ultimate criterion of 
the success of the whole scheme with 
reference to both the purposes men- 
tioned above will only be the work 
that will be done by the awardees of 
this scholarship when they enter their 
career as full-fledged scientists, continu- 
ous effort is made by the NCERT 
to evaluate the existing technique of 
selection. In this respect, various kinds 
of statistical studies are under taken 
every year on the data obtained from 
the N.S.T.S. examination and published 
m the form of a report. As a continua- 
tion of this process and at the sug- 
gestion of Dr Kothari, a study of the 
variation in the performance of stu- 
dents at the N.S.T.S. examination from 
one school to another was undertaken. 

Tire Union Territory of Dcllri was 
chosen for this study just as a matter 
of convenience. 

Methods of Study 

Data was collected from the results 
following three examinations: 

(1) Higher Secondary Examination, 
1967 conducted by the Central 
Board of Secondary Education, 
New Delhi. 

(2) All India Higher Secondary Ex- 
amination, 1967 conducted by the 
Central Board of Secondary Edir- 
cation New Delhi. 

(3) Indian School Certificate Examina- 
tion, Doc,, 1966 conducted by the 
Council for the Indian School 
Certificate Examination, New 
Delhi. 

In the first category, the total num- 
ber of schools in Delhi is 352 of which 
198 (56.25%) have science stream 
while the others cater to non-scientifle- 


groups of studre.s only. Schools offering 
for the second and third examinations 
ai'c too few schools (18), thongh all 
of them have the science .streanr, These 
.sehools are being considered as one 
group in this study becau-S'c' they ate, 
far more .similar to each other in res- 
jrcLi of edneational standards and 
medium of instruction etc. 

Out of 19cS sci('ircc! leacliing schools 
caleiiug the first examination, stu- 
dents from only 115 schools took 
the N.S.T.S. esamiuation, and S3 
(41.82%) schools did not take, any 
initiative to send their stiuleiits for 
llii.s e.xaminalion. 3’his .shows need 
fur puhlieity lo lire .scheme by various 
means. Some of .steps have* already 
Ireen taken t(r pulrlicisi* the sebeino by 
the NCERT. A doeuinentaiy film on 
N.S.T.S. scheme entitled "Scientist of 
Tomuirow" has been prepared nirder 
the .supervision of this depailmeiit and 
has been released all over the csmnliy. 

A glance at 'I'able I .shows that 
pa.s.s percentage as wcdl as peiemitage 
of studenUs getting first divi.sion is 
significantly higher for the schools 
from which students took the N.S.T.S. 
E.xamination in 1907, compared with 
that for the. schools from which no 
.student took the N.S.l’.S. Examinaliou. 
The difference between lhe.se two cate- 
gories^ of schools may be due to stand- 
ards and melhods trf leacliing, avail- 
al)l(‘ staff, fiK'ilities provided and 
admission requirements of the sehools 
(.such a.s miniimnn marks re<iuired for 
admi.s.sioiis or tests at the time of ad- 
mis.sion). In fact in some of the 
schools from which no .student took 
part in the N.S.T.S. c'xamination, a 
feeling may exist among .students and 
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Stuff iiu'iiiIk’is tliat they can not expect 
any student to be selected for the 
awaid of scholarship and therefon* 
tlieif' is no point in sending candidates 
for die N.S.T.S. examination, 

Snnilai diffeitmce can he seen be- 
tween the schools from which students 
qualified lor the N.S.T.S, interx’iew and 
the schools from which students took 
the N.S.T,S, examination hnt none 
could qualify for the itileiview. Tlie 
difference can also he seen between 
tlie sehooLs from which students were 
selected for the award of the N.S.T.S. 
scholar.s'lhp and the schools from which 
students qualified for intcn'icw hut 
none was selected for award of N.S.T.S. 
scholarship. These facts hiing out the 
N'lilidity of each of the two stages of 
selection against the Higher Secondary 
examination. However, correlation be- 
tween the percentage of science students 
selected for the award of scholarship 
and the percentage of science stu- 
dents obtaining first division, calculated 
for 27 schools offering High Secondary 
Examination from which students were 
selected for the award of the scholar- 
ship, is not very high (r=0.48, signifi- 
cant at 1% level, referring to Tabic 2. 
Thus, though there is a common factor 
between the two examinations, the 
N.S.T.S. examination measures a dif- 
ferent type of ability than does the 
Higher Secondary Examination. The 
number of schools in Delhi which pre- 
pare students for the All India Hitler 
Secondary Examination or for the 
Indian School Certificate Examination 
is too few to make a similar study in 
respect of these examinations. 

Out of 115 science-teaching schools 


nf the Higher Sccondaiy Examination 
from wheic students appeared in the 
N.S.T.S. examination, 1967, students 
from only 27 ( 2.'3,4S':i. ) schools quali- 
fied for the final award of scholarship, 

In sharp contra, st to this out of 15 

seliool.s of the All India Higher Second- 
ary Examination and Indian School 
Cerlicate Examination fiom where stu- 
dents appealed in the N.S.T.S, examina- 
tion, 1967, .students ficnn 9(60%) 
schools qualified for the final award of 
scholarship. Out of these nine schools 
of All India Higher Secondary examina- 
lion and Indian School Certificate Ex- 
amination .5(.5.5,.W), listed in table 3, 
have simt mine than 5 ix'rcent of their 
science students to join the ranks of 
N.S.T.S. scholarship awardees, whereas 
nut of the 27 schools of the Highei 
Seconclaiy examination only 10(37%) 
could get more than 5% of their science 
.studenl.s selected for the award of the 
N.S.T.S. scholarship. In most of the 
.schools Engli.sh language is not only 
the medium of education hut also the 
dominant medium of conversation 
between the teachers and the taught. 
This may he partly a reason of these 
schools doing well in the N.S.T.S, ex- 
amination, because both the Science 
Aptitude Test and Project Report are 
conducted ihrough the medium of 
Engli.s’h language, 

I wish to thank the Secretary of the 
Council for the Indian School Certifi- 
cate Examination and the Seeretaiy 
of the Central Board of Secondary 
Education, who helped me in the com- 
pilation of these results. I am also 
grateful to Dr Kothari for suggesting 
this line of investigation. 
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TABI,E I 


Performance of sludciils at N.S.T.S. Examination in 1967, hchnxing to xclwoh in Delhi 
piepariiig students for the Higher Secondary Examination oj 1967 


CATEGORV OF SCHOOLS 

NIIMBIB 01 

SCHOOIS 

NO. 01 

SCllNCL 

sruDiM.s PAS.sin in 

I, II, in mvisioNs 

SlUrHM.S PASSI 1) IS 

1 niVlSH^N 



STUDFNLS 

— 

- 

-- 





No. Ill 

Pax\ 

No 11 / 

Pei t eiiiage 




xtiidcni.x 

pen entage 

Umients 


Science teaching schools 

198 

7572 

5474 

72 29 

itxw 

13.26 

Schools which sent pupils to 
National Science Talent 
Search examination, 1967 

115 

5167 

3977 

76,97 

830 

16.06 

Schools which did not send 
students for National Science 
Talent Search examination, 
1967 

83 

2405 

1497 

62.25 

174 

7,2.1 

Schools from which students 
qualified for interview 

61 

3269 

2634 

80.58 

664 

20.31 

Schools from which students 
took National Science Talent 
Search examination but none 
could qualify for interview 

54 

1896 

1343 

70.76 

166 

8.75 

Schools from which students 
were selected for award of 
scholaiship 

27 

1525 

1278 

83.80 

417 

27.34 

Schools from which students 

34 

1744 

1356 

77.75 

244 

1 1.99 


qualified for interview but 
none was selected for award 
of scholarship 
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T.\BI.E 2 

rmquency ihiiliiiji o! schonit in Delhi which pieparal Mtidciili for the Ninlicr Secondary examimion 
7W7, of (he Ceiilial Board iij Seciniihiry J. duration and from where stiidciils obtained 
the National Science Talent Search srliolaiship in 1967 

Pcrceivlage or.suulciils getting Nntional Percentage of stuUciils getting 

Science Talent Search Scholarship first division 


Percentage of 
students gelling 

I division 

(P9.9 

10-19.9 

20-29.9 

30-39.9 

40-49.9 

50-59.9 

60-69.9 

Total 

0—1.9 

1 

2 

3 





6 

2 — 3.9 


2 

2 

1 

2 

1 


8 

4 — 5.9 

2 



T 


. 


4 

6 — 7.9 


1 

1 

. ■ 




2 

8 — 99 

. V 



1 


1 


2 

10 — 11.9 

1 





. 

1 

2 

12 - 13 9 







. 

0 

14 — 13.9 




1 




1 

16 — 17 9 


. . 


1 




1 

18 — 19.9 

• ■ 





■ 

1 

1 

Total 

4 

5 

6 

6 

2 

2 

2 

27 


I which is slgriijicaiil at !"/„ level 




An Experiment on 
Science Education 

A. G. BiurrAaiAKvA 
A, M. Ghose 


fp HE fundamental aim of Science for 
Children is 'to develop scientific 
look and to create living interest in 
various scientific subjects among child- 
ren through diverse moans. In the 
past the Students working at the cenlre 
have shown remarkablo ability in build- 
ing up models, and while some of the 
instructors have felt that the moment 
was opportune for taking the decisive 
step of guiding students from model 
building hobbies to more scientifically 
oriented activities, other instructors 
were more hesistant to do so. This 


hesistation was based on the belief 
that, (i) the students do not like class- 
room atmo.sphcre and (ii) the students 
are scared and repelled by theoretical 
discussions even if they are simple in 
nature. Science leaching in most 
.schools in our country is carried out 
in an unscientific manner with the 
primary object of enabling .students to 
pa.ss examinations. Tlie educationists 
are aware of this grave situation and 
the National Council of Educational 
Research and Training has undertaken 
the gigantic task of rcmotlelliiig 
science education in India. Field ex- 
periments earned out under the 
auspices of NCERT and elsewhere 
have indicated that any practical effi- 
cient way of imparting scientific know- 
ledge among children must involve 
direct participation of students in class- 
room experiments. A pilot scale 
experiment with a .small group of 
children was, Ihorcfore, planned In be 
undertaken at the SaENOS i-’on Cjun- 
niiEN^ to examine this problem in a 
direct manner. It was decided at the 
outset to confine the experiment to a 
small size In confonnity with the space 
and funds available. 

Ten students participated in the 
experiment, Tlic students were in the 
age group Ihirlccn to sixteen (classes 
IX to XI) with the average age close to 
fourteen and a half. 

The subject chosen for study was 
basic current electricity, llie pro- 
cedure adopted in the classes was as 
follows: 

At the beginning of each class, one 
of the instructors gave a short lecture 


^Science for Children project, Rabindra 
Sarovar Stadium, Block VA, Calcutta. 
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covering some aspect of tlie subject 
iinclcf study. This was followed by 
questions by the students to the iiislnic- 
tors and vicr vcm. The answers 
whercTcr possible vveie tested Iry sim- 
ple experiments which were devised by 
the participants themselves. Also most 
of the primary and seauulary cells 
used in the experiments were made, by 
the students out of commniily available 
material. The topics covered in this 
study group were ,source.s of current 
electricity, electrical constitution of 
matter and the concept of current as 
electron flosv, simple circuit elements 
and conductivity of materials. There 
were 13 cla.ssc.s covering a period of 
ahoirt four months. 

The attendance in this aums'c was 
esscntrnlly volunUu-y. In absence of 
any other simple criterion, atlcrrdancc 
in these classes was taken as iircasure 
of the interest shown by the slirdcnts. 
Tliis is .sbosvn in the graph. Although 
due to the small size of the sample, it 
is not possible to arrive at finn, indis- 
putable conclusions from this pilot 
experiment, it is possible to make cer- 
tain general observations. It will be 
seen that there was a sharp initial rise 
in attendance, which is probably due 
to the fact that the students became at- 
tracted by the novelty of the procedure. 
Some of the novelty-seekers were soon 
attracted by newer experiments licld 
elsewhere in the centre and this ac- 



counts for the drop in the attendance, 
Tins was followed by a few ups and 
down.s and approximately 60 per cent 
of the .sludent formed a hard core 
which attcnd('d the. classes regularly. 
Wc are therefore, safe to conclude that 
contrary to what has been apprehended 
in some quarter.s, students on an ave. 
rage, like a mixture of theoretical and 
experimental studies, provided that 
they are allowed to participate in them 
actively. 

It was decided to extend these classes 
to the study of electronics including 
semi-conductor devices, Unfortunately 
lack of funds and other facilities have 
not allowed us to do so. However, it 
is hoped that in near future many such 
('xperiments will be undertaken in the 
SaiiNCE im CllLIDBIilN, 



Science Nobel 
Laureates 
of 1967 

11 K. Da'ita 


TJOW do stars produce their energy 
has been i}ie subject of research for 
last 25 years for Prof Hans All)recht 
Bethe, 61, professor of theoretical phy- 
sics at Cornell University, Ithaca, Nw 
York. He has recently been chosen as 
the winner of 1967 Nobel Prize for 
Physics, How do eyes see? Tire bio- 
chemistry, biophysics and physiology of 
vision has been the research of three 
neuro-scientists who will receive the 
1967 Nobel Prize for Physiology. Tlic 
recipients are Prof. George Wald, 60 


of Hai-vaid University, Prof. Ilaldan 
KefFer Ilartline, 6.3, of Rockefelhu Uni- 
versity and Prof Ragnar Granil, 66, of 
Nobel In.stitnttf of Ncniophy.siology, 
.Stocklinlm. Ghemi.sts today can a.ss(',ss 
precisely what happc'iis in chcinieal 
reactions llial occui at speeds up to 
one len-hillionlh of a .second. Tliis has 
been made possible imrlly through 
longtime reseaich of Piof. Ronald 
Gooige \l’icyford Noiiis, 70, of Gam- 
hiidgc University, Pi of. George Porter, 
47, of Royal Institution of London and 
Prof, Manfied Eigen, 40, of Max Planck 
Institute for Pliysic-al Chennstiy at Got- 
tingen, Geimany. Tlie.se tliiee iihy.sical 
chc'mists have also been lionomed this 
ycai by the award of ihi.s yi'iir’.s Nobel 
Prize for Chemistry. 

Pnof. Ri-rniJC 

Piof, Bethe theoriziid that the energy 
ladialod by stars comes fioin a tliernui- 
nuciear reaction. According to his 
theory liycirogeii nuclei foiin heavy 
hydrogiui nuclei by fusion, Tlu',sti 
heavy livtlrogcai mielei in (uni fiisi' to 
form helium atoms. Dmitig thi‘ fusion 
of hydrogen atom.s into lielitim atoms 
there is a lo,s,s of .some matter which is 
convcited into eneigy by the fu.sion 
proces,se,s, This is the source of eixugy 
of the sun and other stans. Prof. Bethe 
calcululed the inagiiitnde of tills energy 
hy comlhniiig known data Ironi nuclear 
.studies ill laboratories with e.xtensivi; 
tlieoretieal emnpiitatioii.s, Part of hb 
llieoiy has alrisuly been eonfiniied and 
his calculalion.s aie of gunit .sigiiificann; 
in pre.sent day elforls ul) over the 
world to harness eiimgy from react ions* 
for peaceful n.se.s. 

Prof. Bethe eollahorated with etde- 
brated nuclear scientists, Loid Rulher 
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ford nnd Kiirico Fcimi, nt (';iunl)ridi>c 
and Romo K'spoctivcly. Ilis caily 
studios with tlieiu in nndcar physics 
Kasc liiin tlu’ basis of his theory of the 
Min’s piodiiclioii of eiK'Tgy and of life 
and death of stars. Ilis tlieoietical 
knowledge of thernionnclear ii'actioiis 
helped a lot in the puiduetion of atom 
bombs during llu! ^^’orld \\’ar II. Prof, 
liethe, headed the tlieorclical physics 
department of the. Atomic ^^h‘apon 
Laboratory at Los Alamos, New Me.xico 
from 1913 to 1916. This lalioratoiy 
was the principle.s in.stallation that 
developed the atom bombs. In k'- 
cognition of his eoiUiilmlion in this dt;v- 
elopmeiit the U.,S. Atomic Lnerf^y 
Coiiimission awarded him thi' Knneo 
F(‘rmi Prize, in 1961. 

Rom on July 2, 1900 at Stra.sbonig, 
then part of Gcrmany-il is now in 
France, he studied in the universities 
of Frankfurt on Main and Miiiiich. 
After a few ycais of teaching at univer- 
sities of Stuttgart, Munich and Tubingen 
Prof. Bcthc fled Germany in 1933 at the 
slait of the. Hitler regime and migrated 
to England. Later in 1935 he migrated 
and joined Cornell University, Ithaca, 
New York where he is now the John 
Wendell Andcison Professor of Physics, 
lie received many awards and medals 
of scientific societies and is member of 
various associations. He is a j'oint- 
autlior of a liook entitled Mesons and 
I'Telds (19.55), Inspile of his as.s’ocla- 
tion as a consultant with the Atomic 
Weapon Laboratory at Los Alamos 
Prof. Betho protested against the dev- 
elopiinent of hydrogen bombs. 

Peof. Wald 

Dr Wald’s research extending over 
last 30 years demonstrated the mole- 


cular icairaiigrniciil.s wlicn light acti- 
v.itcd the photo-rcc'Cptivf cells in the 
n tina and clanficd the role of visual 
pigments and the inipoitanee of vitamin 
.\ to \iMial priicesses, The leceptoi 
s-elN. also known as lotls, contain visual 
]mrt>lc (ihodojr.sinj which i.s a conjugate 
of a proleht (op.sin) and vitamin A. 
\hsnal pmplf* breaks into protein and 
vitamin A when liglit hits retina. Visual 
pniple is Imilt up again in periods of 
daikness, fiulei normal cireumstancc.s 
tile Lite of breakdown of vi.sual purple 
IS (■(jiial to llic late of its Innldmg up. 

In vitamin A deliciciu y tlic i-ato of build 
up of visual pmivle is letaidc'd resulting 
III night hlindnc.ss. When the photo- 
leceplive cells ol retina are stimulated 
by light these eliemieal changes occur- 
ring in tlie visual purple set of electric 
impulses in nerve fibres. Dr Wald 
denion.slruti’d. 

Prof, W'akl vvho is as.sociated with 
Harvard Umversily since 1934 and is 
Piofe.ssor of Biology there, was bom in 
New York m 1907, Having his educa- 
tion in New Yoik Uiiivor.sity and Colum- 
bia Uiiivi'isily he received the Ph.D, 
dcgieofiom the latter university, Moie- 
ovei, he had research training in labo- 
ratories in Berlin, Zurich and Heidel- 
berg. His outstanding achievement in 
the elncidation of the liiochcmistry of 
sight won him Eli Lilly Research Award 
(J9.39), La.sker Award (1953), Proctor 
Medal (19.55) and Rum ford Medal 
(19,59). 

PnoF. Hartline 

Prof. Haitline recorded by electric 
means the electrical impulses from nerve 
cells and fibres when light struck retina. 
He also recorded the activity of a single 
visual receptor centre and developed 
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fibre when ihc receptor to wlncli it was 
connected were hit by light. IIi.s ic- 
seaich over last 30 year.s nuistly with 
hoiseshoe ciah.s and cold-blooded veite- 
biates ofTeicd satLsfactoiy explanation 
as to how the eye, by .slunpening con- 
trasts, is able to difFeientiate foun, move- 
ment, contoni.s, shapes and edges of 
objects, 

Born on December 22, 1903 in Pmi- 
nsylvania Prof. Ilaitlinc icceii'cd tlie 
doctor of medicine degree, from Johns 
Hopkins University in 1927 and supple- 
mented his medical tiaining with An- 
ther studie,s of phy.sie,s and eleelionies 
at the Universities of Leipzig and Mu- 
nich. Having seived as Professor and 
Chaiiman of the Department of Bio- 
physics at John Hopkins University 
during 1949-53 he joined Rockefeller 
Institute in New York in 1953 and is 
now its (Reckcfeller University) Pro- 
fessor of Biophysics, He received a num- 
ber of honorary degrees and awards. 

Pbof., Geanit 

Prof. Ragnar Gianil first demonstrat- 
ed how diffeient ncutial units in retina 
reacted diffeiently to various parts of 
light spectrum. He established that 
there were three types of cones or colour 
receptois in letina to receive different 
parts of spectrum of light. The colour 
message produced in brain results from 
an interplay of impulses from diffcrenl 
types of cones, Prof. Graiiit tleraon.sirat- 
ed. His work extending over a period 
of 40 years also demonstrated that light 
not only excited but also inhibited the 
discharge of impulses in nerve fibres. 

Prof. Granit who is head of the re- 
search organization of the Nobel Insti- 
tute for Neurophysiology at Stockholm 
and a member of the faculty of the 


Royal Caroline Institute which makes 
the annual Nobel Medical Awards, was 
born on October 30, HXKl in Finland, 
lie .studied at the University of Helsinki 
and held teaching positions there dur- 
ing 1929-37. Ho studied under Nobel 
laureate .Sir Charles Shcrrrngton on 
some aspects of neurophysiology at 
Oxford. He, rs now rn England as a 
Visiting Professor of Neurophysiology 
at St, Catherine’s College, Oxford. In 
1940 he, joined the Royal Caroline Ins- 
titute at Stockholm and was made its 
diicctor in 1945. Since 1956 he has 
been a Visiting Professor on the staff of 
Rockefeller University in New York. 
He holds awards and honorary degrees 
from a number of universities' and scien- 
tific societies 

Pnol^ Noimisii 

Prof. Norrish and Prof, Porter did tiro 
pri'/.e-winnrng work together. They 
started their woik at Cambridge Unr- 
vensity in 1949 and continued to woik 
.separately alter 1955, when Pi of. Porter 
left Gamhridge University and joined 
the University of ShefField. They studi- 
ed the equilibrium system of chlorine 
gas. In this equilibrium system atoms 
of chlorine collide among themselves 
and form molecules, and molecules 
themselves also dissociate or break into 
atoms simullancoii.sly. Prof. Norrish and 
Prof. Porter disturbed the equilibrium 
by irradiating the gas from a nearby 
electric spark of great intensity and 
short duration. As a result the equilibri- 
um was shifted to the higher concentra- 
tions of chlorine atoms. During this dis- 
turbed equilibrium they measured the 
speed at which the normal number of 
chlorine molecules was re-established. 

Prof. Norrish who is tire Professor 
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Emmlns of Clu-mistiy of Cain- 
bridKf Uiiivcisily was bom on Nuvfin- 
bor 9, 1807. He bad bis education at 
Eniinamicl CollcRc, Cambridge. He ser- 
ved in World War I during 1916-19 
Having obtained bi,s I’li.D. and D.Sc. 
degree irum Cambridge University be 
started lies resi'arch career at Emma- 
nuel College (1920-31). He joined 
Cambridge Uirivej.sity as a lecturer of 
Physical Cbetm.slry arrd was' Professor 
and Direetoi of the Department of Pby- 
sreal Chemistry of Cambridge Univer- 
sity for 28 years (1937-65). Since 1965 
he is its Emeritus Professor. In 1936 be 
was ntade a Fellow of the Royal So- 
ciety, 'Phi' Universities of Paris. Leeds 
and Sheffield honoured him with hono- 
rary degrees, He received Meldola Me- 
dal of Institute of Chenii.slry (1920), 
Da \7 Medal of Royal Society (1958), 
Riverside Lecturership of Chemical So- 
ciety (1958), Lewis Medal of Combus- 
tion Institute (1964) and Faraday Me- 
morial Leclurership and Medal of Che- 
mical Society (1905). Prof. Norrish was 
elected President of Faraday Society 
(1953-55), Vice-President of Royal Insti- 
tution of Chemistry (1957-59) and Pre- 
sident of Bi'itish Association, Chemistry 
section (1960-61). He is still actively 
busy in the laboratory pursuing his equi- 
librium studies with other collaborators. 
He spent most of the last two years tra- 
velling and visiting research institutes 
of the U.S.A., the U.S.S.R. and Canada. 

Phoil Porter 

Bom on December 6, 1920 Prof. 
Porter studied at Leeds University and 
Emmanuel College, Cambridge. He 
received the Ph.D. and D.Sc. degrees 
from Cambridge University. During 
1941-45 be served in the Royal Naval 
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Volunteer Reserve in Western Approa- 
che.s and Mediterranean. He joined 
Cambridge University as demonstrator 
in Physical Chemistry in 1949 and con- 
tinued till 1952. Next he became the 
as.sistant director of research in Physi- 
cal Chemistry of Emmanuel College 
(1952-54). He was made Professor of 
Physical Chemistry at the University of 
Sheffield in 1955 and since 1963 he is the 
Fifth Professor of Chemistry there. He 
is concurrently Professor of Chemistry 
at Royal Institution, London (since 
1963). He was elected the Fellow of 
Royal Society, London in 1960. Fie was 
also elected Vice-President of Faraday 
Society. He published a book entitled 
Chemistry for the Modem World (1962). 
He received Corday-Morgan Medal of 
Chemical Society (1955), Tilden Lectur- 
ership (1958) and Remsen Memorial 
Leclurership of American Chemical 
Society (1962). 

Prof, Eigen 

Prof. Manfred Eigen started his re- 
search with the equilibrium of hydrogen 
m 1953. His system of equilibrium was 
concerned with hydrogen ions formed 
by the dissociation of water molecules. 
Like Prof. Norrish and Prof. Porter he 
disturbed the equilibrium of formation 
of hydrogen ions by means of a shock 
from an explosion or of a high-intensity 
electric joulse, Fie is now interested 
in applying the resulls of equilibrium 
studies to the kinetics of enzyme re- 
actions in biological processes. 

Prof. Eigen who is Professor-Director 
of Max-Planck Institute of Physical 
Chemistry, Gottingen, Germany, was 
bom on May 9, 1927 at Bochum, Ger- 
many. Under some Germany's leading 
scientists he studied Physics and Che- 
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mistry at the University of Gottingen. 
He started his research studies at the 
Institute of Physical Chemistry of that 
University (1951-53. In 1953 he joiner! 
the Max-Planck Institute of Physical 
Chemistry of which he is now tlie Chan- 
man, He is a member of National Aca- 
demy of Sciences of tlie United Stales 
and a Visiting Professor at Conicll Uni- 
versity, Washington University and Har- 
vard University. ' Pie holds honorary 
degrees fiom the Washington University, 
University of Chicago,, and Harvard 


Unii'crsity, He leceivod tlic Bodensteiii- 
Prei.s Award of the Bunsen Society of 
which lie is a member. He is also a 
member of Paraday .Society, He pub- 
lished Thvrmodijnamics 0 / Cancentmtad 
Ekclrohjlcs Proton Transfer .in Hydro- 
(ten bonds and Clwmical Rtdaxaiton 
(19,5,5-57). 

The Nobel Prizes were pre.scnted to 
winners on Di’eember 10, the 71.st an- 
nivcrsaiy of Alfred Nobd’s death, in 
Stockholm. 'J'he 1937 piizes carry a 
pursi‘ of about $ 6],(K)(). 
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Catalysis and 
Chemical Kinetics 

Anthony Tucki-jr 


A SINGLE molecule of die enzyme 
catalase, which breaks down hydro- 
gen peroxide to water and oxygen, cata- 
lyzes the breakdown of almost 50,000 
molecules a second, at 0”C. This 
incredible and specific activity repre- 
sents an immensely greater efficiency 
than of any known inorganic catalyst. 
Hence the great interest in enzymes, for 
dt is tbe accelerating effects of catalysts 
which matter most, whether in life or 
,in industry. But catalysts are more than 
accelerators. In chemical systems, as 
in other equilibrium situations, there 
may be many possible points of balance. 


/. J. Berzilim coined the term 
'catalyst' oecr 130 years a^o and it is 
05 years .since Wilhelm Osiwald de- 
fined the ierm to mean a substance 
which, in modifying the rate at which 
a chemical reaction approaches equi- 
librium, docs not itself become per- 
manently involved and, in the end, 
remains unchanged. The manner in 
which catalysts operate is still a my- 
stery and the search for new catalysts 
is still essentially empirical. Much of 
the work is locked up in industrial 
security, for industry depends critically 
on Its catalysts, hut the unravelling of 
enzyme structures may eventually lead 
to an understanding of the sub- 
molecular activities which give all 
catalysts their mysterious properties, 


Catalysts can so modify a system that it 
appears to be quite different. Hie word 
‘modify’ is important for, as with che- 
mical inhibitors, the action of a catalyst 
is not to start some process off. At the 
moment the greate.st effort is being put 
into research to try to understand how 
the catalyst manages its tricks of accele- 
ration. Success could lead to immense 
advances in industrial chemistry, to new 
processes and to the tailoring of pro- 
cesses so that they could be controlled 
by computer. 

What cannot be expected is an escape 
from the fundamental thermodynamic 
laws of chemistry. Catalysts can ope- 
rate only on reactions which are already 
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possible, although they may, by "magtn- 
fyrag” a process too slow to bo clf>toc-lO(l 
in normal circumsUuiccs, utieuvc*r lo- 
actions which are iinhnown or impracti- 
cal. If, for example, a cataly.st lowers 
the temperature at which a compound 
molecule will clecompo.se. it may found 
that new products appear because these; 
are stable at the new lower temperature 
while, in the uncatalyzecl reaction, tlio 
high temperature leads to tlicir rapid 
breakdown. 

[,) Ttiafrrml 2 C.H, OH CH.CHO ' H, 


Fig. J. Decompoiition of I'ihumil 

Diethyl ether will ethyl accidie appear only in 
catalyzed reactions although hoik ate thermody- 
namically "pet nussible". At the normal thermal 
decomposition tertipcraiiire both are unstable 
and therefore cannot appear. 


These "new" rcacliuiis could ueeur 
only if they were aheady possible: 


Chitalysts remain unchanged after the 
leaelion lias taken place (although they 
may becniue xioisoiied in time and je- 
([uire regeneration), 1ml this does not 
mean lliat tliey do not liecoine ehemi- 
ealiy involved duiiiig the leaction. It is 
now aeeejited that all catalytic reactions 
go tlnongli one oi jierhaps several uii- 
slable. stales during tlu* cycle. In its 
.simph'st foim catalyst (1 and reactant A 
create an niistahli' eompnnnd ACl which 
decoinjKisi's to fuim products b and D 
wliile t!ic cataly.st is regeneiated for a 

lurllu'r cycle, llius A : C AC C ! 

(b • D), because AC does not exist foi 
long it is diffienlt to dc'leet, yet its pre- 
sence is clearly enieial to the ehiiiiged 
energy reriniremenl for tlie eonijilele 
ri-aetion. ModiTii spectroscopy lias le- 
vealed many such inlennediaU's, 

In eliect a catalyst ehangi“s tlie laiergy 
re([uireiiieul for a reaction, .so tlial, for 
a given input of energy, there is a 
iimeli gi eater output iif product, bv its 
iuleiveiilion and by the eiealiou of 
inleimediute compounds’ the cataly.st 


and the value of cataly.sis is that they 
can he, explited. But, in any reaction 
the catalyst modifio.s equally the for- 
ward and levcisc processes so that the 
final chemical equilibrium remains the 
same as foi die uncataly/ed reaction. 
In other words, there are no eataly.sts 
which simply accelerates proce.s.s in one 
direction: the complete' chemical ‘‘.sy.s- 
tem” is .speeded up. This aspect of 
catalytic action is important when .seek- 
ing new catalysts, for many proco.s.se.s 
can be measured more easily in the re- 
verse direction. It follows as a matter 
of basic chemical law that a catalyst for 
die reverse process will be just as good 
for the desired fowarcl process, and this 
may will make the search easier. 


provide.s a ni'W ri'aelion path which is 
more favouralile, (Fig. 2) It might seem 



Fig. 2. Poicnthil energy prn/tle of a reactlnii 
The vatalyst lowers the energy harrier, 

that, by the applieation of ultravifilet 
uud itifru-red .spoetroseopy, it .should be 
possilile to trace the eomple.tc reaction 
and find out wliieli intermediale.s are 
involved. In pruetiet' it turns out that 
many unstable inlennediate are made 
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and it Is iitit possible to ,sin' which ones 
ate conceiiii.'d in Uiweriug the energy 
hiirrieis. The system is too complex to 
aiialy/e accurately and, for that reason. 
mo.st of the iiiference.s about catalysis 
rest oil theoretical anuly.sis. 

'I'lic situation is made even more com- 
ple.x by the fact that catalytic -action 
can take place in a gas, liipiid or solid 
(homogeneous catalysis), at an inter- 
face between them (heterogeneous), at 
a eomhinution of these or in eolloiclal 
systems' such as enzymes. What hap- 
pens is a change of rate in some chemi- 
cal exchange, but it is difllcuU to say 
how, An uncataly/ed leaction can he 
compared in terms of energy r(,*quire- 
ment with its catalyzed wpiivulent and, 
if the luimher of steps Involved is 
known, it is possible to calculate how 
much energy has been used at each. 
This measure of ‘activation energy’ can 
give clues to the nature of the changes 
brouglit about by the catalyst and lead 
to ?;onc'lusions about molecular and sub- 
molecular activity. 

Fifty years ago the chemist Irving 
Langmuir pul forward the idea that, in 
the case of inert surface catalysts such 
as platinum black, some kind of sieve 
effect was involved, His suggestion, 
that the platinum surface was seizing 
molecules and holding them in close 
contact so that a reaction could take 
place rapidly, has been replaced by 
more complex descriptions of elt'ctron, 
ion, and cation exchanges, but it re- 
mains alone in its simple clarity. The 
gases oxygen and hydrogen normally 
combine to form ■water at an incredibly 
slow pace; at a platinum surface they 
combine rapidly. The surface never 
becomes saturated because, although 
both hydrogen and oxygen are held, the 


uater mnlecidc is too large and is 
rejected. 

This kind of explatmtioii, which goes 
only part of lh<‘ way, can he used to ex- 
plain how some calaly.st.s will carry out 
only one step with particular reactants, 
while (itliers work more generally. But 
the ability to catalyzi' has no connection 
with the inertness or otherwise of the 
cataly,st. Metaks, metal oxides and sul- 
phickss, acids and proteins may. m some 
circumstances, prove to be catalysts, 
'Dio-se, like plutiiiuni black, which can 
ciitahve a whole range of reactions, 
wen- inevitably the fir.st to be discover- 
ed. 'Dieir \ ei,satilily made it more dif- 
ficult to grasp what was happening. 
Hope of understanding what goes on 
now rest.s" on the most specific catalysts 
of all, the enzymes in living systems. 

However, among the metals, those 
which possess catalytic properties- 
which at first di’pcmd on a high ability 
to ahs'orh chemicals 'tend to lie within 
what is called the transition series. 
What makes tliesi* metals different from 
all the others? The answer is that, 
witliout excciition, their atoms are built 
up so that they possess unpaired elec- 
trons in the oiEit generally held res- 
ponsible for magnetic properties. Curi- 
ously, the free valencies— the "unclasped 
grip.s" at tlie surface of these metals is 
attributable to incompletely field orbits 
of another kind, which overlap to create 
the metal-metal bond. In other words, 
many metals have free valencies at the 
surface, but only those with other un- 
paired elech'ons in a particular place in 
the atom have high chemisorption 
ability. This is not entirely a surface 
effect: some kind of deeper relationship, 
probably involving the distribution of 
charges and of changes in potential 
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energy patterns close to the surface 
must be responsible for tlu! extra acti- 
vity. 

The suggestion that soiuctlinig of tljis 
kind is also true of the living catalyst.s 
has recently begun to mnerge. Analysis 
by X-rays of protein stiucluies (eir/.y- 
mes, the living catalysts, aic all proti'ins) 
has reached the point at which si'vcral 
are known in detail and many more will 
soon be. Active gioups of complex liv- 
ing molecules are slowly being identi- 
fied as aie the steps of a particular re- 
action In general enzymes aie more 
specific than inorganic catalj’sts, often 
being designed to eari'y out only one 
operation, and that on particular mate- 
rials in particular condition. Some sim- 
ple active groups even when separated 
from complicated parent molecules, 
continue to opeiatc as calaly.sts, Others 
will not act as catalysis if the parent 
molecules are changed even though they 
are not changed themselves. There are 
deep mysteries here hut some tentative 
explanations of the general mcchani.sin 
involved have been put fonvard. Tire 
behaviour of the simplest atomic ion— 
that of hydrogen— the y^roton, is being 
examined to see if some simple explana- 
tion exists. 

Professor K. J. Laidler, Common- 
wealth visiting professor to the univer- 
sities of London, Su.ssex and Kent dur- 
ing 1967, has suggested that the consi- 
deration of electrical charges in x>roton 
transfers may be able to throw light on 
enzyme activity. 

It is already clear that proton trans- 
fers play important role in some enzyme 
catalyzed reactions, prarticularly hydro- 
lyses, and Professor Laidler points out 
that some insight into the potential 
energy surfaces of active molecular areas 


can he gained fiom a study ol the elec- 
liostatie factors alone. Laying baie even 
the simph’sl situation is still a long way 



Fi/;. Poilis oj hast lesiilinice for a proton in 
ililJeienl cliarpc silucilions 

xy slioivi the path of a pioton movini; ftom /I to 
B wuh nepathe charges at X and Y. IJ a third 
ibarge (F) h present at Z the path becomes 
.\,vr M'ith 0 diffeieni eneigy letjinrcmeiii. 


ahead, but the distribution of static 
charges can make considerable differen- 
e(‘.s to till' energy barriers in i^arlicular 
situations, Catalysts .somehow lower the 
energy requirements of reactions; a 
change in the position of a static charge 
can do just dial. 
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Fig. 3a, Possible mechanism of catalytic action 
of I ibomiclcase 

The activaiiiig N atom belongs to histidine JJ9 
in the i iboiiiichase maleciile. 


The big question is whether, in enzyme 
catalysis it will eveniually be possible 
to dispense with much of the molecule 
and iiroduco sxmthetically only those 
parts essential to a reaction. This kind 
of things can be done with some prote- 
ins already. Insulin (not an enzyme but 
a hormone with every specific action] 
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Pofriihtil iWn'l' wjucc \iith ihtir)!>: 
•I iipiiit. prouw piisitiiwr A um( H ni 

! imd 45 /» W/i// I he curu'i 

biniivr is 71 keiil per mule 
( 1 mute Is ilw f’hiiiHiiiilectilui' weiK'hi «/ a snh- 
Uimee, m this etiw I (fib Jbr 11(1 U noiittl lie 
Hlli'iVJ (lyS) 5fi-5 
fit;, 5, The huiiHhieiwii i‘J im luhliimmil 
elinrKc In a (lailieiihir pasitiim hmen the enen's 
hnnicr m Inuh iliiei liorn. An ntlihlinmtl clmiKt' 
III must 1 ‘ihcr plaies iniu's ilie cneri;y haifiei 
in iher im aihliiinmil ik%'iili\c etiiiiKe 
Pi(i,i;rum.i from ‘New tioiinms in ilumienl 
kmelinn', Ity K. J. laiillei, "C'hemlMry in 
Ilrihiin", ffovemher IVfi7, 


elilins ■'liulitlv h'liiu iuiiniitl to aniinal, 
III tli.ii a ‘.iimli’ (if S amino adds 
(ill a (liaiu of M'M'ial tlisnisaTKl) is pecu- 
liai (o partic (liar animals, IKit llic in- 
<.nliii fimti uni' animal i,s ('(pially elFec- 
(i\i in all oUii'fs llic vaiiatmu ocews 
at vimi' nun-i ijlical point in the mole- 
inlo .Siimlarls lioth honnones and 
ni/smi's can he int down drastically in 
ihidi'ctilai si/o without their activity be- 
lli, H affected provided that the essential 
a( lice sites me mulania,t(ed and unchang- 
ed in their atomic lelationships. So far 
miU .1 few inoleiiis have been manipu- 
lated 111 this way but it is ipiite concei- 
\able that, peihaps within a few years, 
simple syntlielie en/Aine.s' and perhaps 
other t\ pes of eatalvsl can be manufac- 
tilled ill bulk for jiarticnlar pioccsses. 
A new eia, in ehemistiy will be in sight 
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Classroom 

Experiments 


Experimental Denwnstralion 
on Acceleration 

Bina Giiosii, Asok Sinha, 

B. D. Nag Ciiaudhuiu 


n''HE iiroblem a teacher faces while 
demonstrating acceleration to a 
class is the measuiement of time. When 
it covers a certain distance of its total 
path, the time required by a body in 
most of the cases is the fraction of a 
second. The rneasurement of this 
.small entity cannot be done by ordin- 
ary methods and requires sophistication. 
Multrflash photo an'angemenls have 
been suggested in PSSC physics. These 
methods are highly expensive and mr- 
suitable to Indian conditions. Nuffield 
Physics Project of Britain and Wynd- 
liam Project of New South Wales have 
adopted ticker tape an*angements to 
demonstrate acceleration in a class. 


These incasurcnients arc sensitive but 
expensive, In tlic hooks of USSR, this 
demonstration on acceleration has been 
.siiggesti'd by allowing liquid to drop 
1 1 oil) a no//-]e fixed to the bottom of a 
cylindrical sessel. The vessel itself is 
kciit on a small trolley which moves 
over a glass idato. The diameter of the 
cylinder is large so that the time be- 
tu'cen two snccessivc drops is almost 
same. Results obtained by this 
method are not at all satisfactory. A 
simple expenmcntal demonstration has 
been described in Science Master's 
Book Scries I Pari I. This c.xperimcnt 
has bi'cn carried out with a three 
wliceU'd trolley which moves on tu’o 
guides. Each guide is made of a pair 
of glass tubes or rails kept apart by a 
small glass tube helween them. The 
I'lbralor is a niikl-sleel strip which is 
kept fi.xcd to a stand, lire steel strip 
vibrates and leaves a trail oi simple 
harmonic iinpres.sion on a vciLrcal .side 
filled to tlic trolley. A good number 
of wave.s can be obtained by this 
method but the trolley used is heavy 
on one .side and there is every possi- 
bility of rt being turned over, 

The trolley we used to deinoiistiate 
acceleration in a class has three wheels 
fitted to the base in the form of an iso- 
sceles triangle. The two front wheels 
from the base of the triangle whereas 
lire roar wheel is at the vertex. Each 
w'heel has a diameter of 2.5 cm and 
is provided with ball bearing arraiige- 
ments'. There is a stand which is con- 
nected rigidly to the centre of the 
trolley and bends perpendicularly at a 
height of 8 cm from the fixed point. 
A hollow but heavy pendulum wrth a 
brush at the lowest positron bangs ver- 
tically from tlie end of the horizontal 
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p.u't nl till- st-nid as sliown in Fijj. 1. 
'I'lir litsli swiuks ft'cly ainl is in ttiutatl 
ujtli ill' Mirf.ni- (tit vsliit'Ii llir iinjircs* 
.simi is tn 111’ 



hfi. I 

A long glass plain 2(K1 cm x cm is 
kept horizontally on a tablo. The trol- 
ley is placed at one end of the glass 
plate and a long thread is connected 
to the front of the trolley. The? thread 
passes through a pulley kept at the 
other end of the, glass plate and then 
passes over a .second pulley kept at a 
height of 90 cm and just above the, 
first one, The. other end of the thread 
is provided with a hanger on which 
weights can ho placed. 

The bimsh is soaked in ink and the 
boh i.s taken to one side and then re- 
leased. A small weight is pilaccd on 
the hanger and the trolley is allowed 
to nin on the glass plate. The hob 
swill g,s and leaves behind a tiack of 
simple harmonic nature on the glass 


phitc as diown in Fig, 2. lire distance 
entn'd by the tiollcy m each wave 
iinic.sMs gradnallv and the accelera- 
tion ran ho e.ilenlaled easily knowing 
the timr petiod of tlu’ imiidulum. 

W'r olit.iiiif'd the following results in 
an t’vprrinii'iit in the lahonUory. 

M.US of the trolley ■ 800 gm 
Tinif' prriod of the 
priidiihiin 0,56 sec 

Masv kept oil the hanger = 60 gm 
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Trends in. 

Biological Education — 
An International Review 

P. Kelly 


1. Introduction 

4 A DEQUATE instruction in biology 

xi is particularly important at this 
time. While chemistry was perhaps 
the science of the 1920’.s and physics 
that of the 1940’s and 1950’s, I am con- 
vinced that biology will bo the fash- 
ionable science of the 1970’s and 1980’s 
(0,E.C.D,, 11^2). 

The significance of this quotation is 
not so much in its substance as in its 


economic objectives which, neverthe- 
less, recognizes that education makes 
an important contribution to economic 
growth and that biology is one of the 
subjects that assists in this process. 
Such a point of view reflects a major 
change in attitude towards biological 
education. 

The thesis that education is a stimu- 
lant to economic growth and social de- 
velopment has only recently been 
widely accepted. Previously it was 
commonly considered that educational 
change followed social change. How- 
ever there is clearly a far more subtle 
feedback system at work, and this is 
particularly tnie of the relationship bet- 
ween the school curriculum and society. 
While it may be reasonable to as- 
sume that the content of the cuiri- 
cLilum tends to be moulded by external 
social pressures, there seems to be little 
doubt that it feeds back into society 
influences that affect the rate of social 
and economic change. Furthermore, 
as education itself has become a major 
social institution its influence permeates 
other social forces and the distinction 
between them has become blurred. 

Science subjects have more obvious 
economic and social benefits than many 
others. They are required by the scien- 
tist and technologists that are in 
such demand. Also, having prodaim- 
ed our times as the ‘scientific age,’ it is 
logical that we should educate our 
vocational non-scientists— the adminis- 
trators— to fit them for it. It is these 


origin. It was stated by Dr. Alexan- twin needs that appear to be the 
der King of the Organization for Eco- strongest threads in a complex web of 
nomic Co-operation and Development, factors that have produced the deve- 
an international institution devoted to lopments in science education in many 
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inunill's in )!li‘ l.l’-l *Ih iltlf" <)» Mt. 

Al fiisi tl)-' p!t> Mi*'i)C‘s jt.nnifl 

mint .((triitinii. Iiitt Jimir icniitK 

till 11 ,ti<' that tlit'ti* u .1 

CicatM II ciuyiHidti Ilf till' ( tint aH'i’iii' 

.(I )ni}nittafit r (il )ii(tl(i)4y. One 
ic.imMi lor (in'* is tho 'iow it fi tit d In 
I atlii r, lli.il liinln^y is llic .vtuiitsf* of 
lilt' I'llmi ; .til aiilinivatiiiy Tit'oi’tnlittii 
llial liMak-tlnoiiSil's icvt-arcii (<tiii- 
jiiii.ililc to till' ituiro tliainalif fintlm^s nl 
plnsiral .vticiit'c arc ni ciirriini. arul will 
(utiii. HI Itidlttfiy, Already rcscaitli 
whi’tti'd (lie appi’tilf. lint tlicrc k still 
an expectancy of lliitnis iti tsHue and 
this, il is Mivi.Ui'sled. is in contrast with 
(he jrniuiiiti pnlilic xicw of tlic phxM- 
cal .sdeiices which appeals to li(‘ satiat 
cd with the niawnitude ol the disctivci- 
ies (if past \ears -and h'cls there, is little 
tliat i.s fniidaiiieiital to leani. Biology is 
serai as the hiise lor future scienlifie 
adviuieeiimil. 

This jiunxlh in popularity also 
appears to he linked Ici two other iutln- 
eiices, Tlie first is tlio Hotiou that 
.somehow' Inology is nnder.slanduhic-a 
legacy of the iioii-iiiatheniatieul iniajie 
of the stihjeel with it.s liiik.s with reality 
and the relatively infrecpieiit nsrj of 
.symbolism and abstraction, Second, is 
the realization that many of the im- 
iwrtant proldems facing mankind are 
hiological. Vopniatiun growth, food 
resources, ludiation and fall out, pub., 
lie liealth and menial disease are some 
of the examples mentioned. 

2. Biology in the American High Scliool 
Probably noxvliero else in the. xvoild 
is this gain in popularity of biology more 
marked than m the United States. In 
the high schools there has been a steady 
decline in the percentage of students 


♦.due.' piivsiis ihc popularity of 
(himislJi, h.!s iniiaim (1 more or loss 
((inst.iiii iix<r the xi.us. hut the pro- 
piistmn ,4 sfndi Ills t.iking hiolngy has 
'.»( ,idih Hiiitasfd sii that, at present, 
>.*.iHc Hit . (4 .ill sfiah Ills take the .subject. 

Oiii itf tlic ii.isdHs for this disparity 
riif (htuhl lies in the slineture of the 
\mttuan high .srhnnl I'lnrieulum, Scien. 
ic Mihjt ( Is .tn- usually taken in succes- 
M\c \cais hiolngy in the tenth grade 
lUi st.u olds' (hcinistiv 111 the eleventh 
gi.idc ,ind jiliysK s ni the twelfth grade. 

It IS (i.nunon pi.ietiic to insist that stu- 
di'iils ( let I to study at least one science 
snhjid. 1 ‘iohaliK' Ineaiise hinlogy is the 
liist oiii olfered, a iiiiilihei of students 
t.de It to get stieiue out of tllC way', 
Otht 1 students )ua\ t. ike biology because 
lliex led tliut is an easy snhjeet, Never- 
iheli ■ss. there is a po.sitive lea.son for this 
Mippoit lor biology. Mneh i ('.search lia.s 
shown that yomig people are particu- 
larly interested in llu‘ subject xvlica il 
deals witli Man and lii.s well-being and 
applied hiologie.d topic, s. In American 
high .scliool emir.se.s it appeals that these 
features liax’e been .sufficiently empihasiz- 
ed to make biology allruetive. Tliis con- 
liasls with tlie image of piliysics courses, 
fur iiistanee, wliieli often apipear to be 
regarded by students a.s 'narrowly pre- 
professionur . 

Beeanse of the Ilexihilily of tbe 
American C'.ollege cun'icuhnu there is 
not so nnic'h llie feeling in the bigb 
seliools llmt all i.s lost if you do not take 
a .specific subject, It allows cultural 
education to llmiri.sh and considerations 
of a pupil’s future vocation arc not a 
dominating inlliicnce on choice of sub- 
jects. Idiis, no doubt, also helps biology, 
because if choice ivere purely related 
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to vocation one would expect physics 
and chemistiy to compete witli biology 
to a much greater extent, 

Anothei reason for this popularity of 
biology in the .schools of the U.S A, lies 
in Ameiican society, In ncwspapeis, 
journals and othei media of public com- 
ment one I.S’ stnick by the number of 
leferenccs to biological topics. There 
IS, in addition, a widespread interest in 
outdoor life dating back to the days of 
the pioneers. While it often materializes 
in hunting, fishing, .shooting and camp- 
ing, it also produces a great conccin for 
conveisation and contributes to social 
attitudes that arc favourably di.spo.scd 
towards biology. 

Among Americans, also, there is an 
introspective willingness to examine 
themselves scientifically. It is this that 
has allowed psychology, the social scien- 
ces and studies in human biology to have 
developed to a greater extent Ilian in 
most other countries. It has meant a 
willingness to accept that the study of 
life and particularly human beings is 
woi'tliwhile. 

This analysis of the climate of opinion 
that favours biology in the United States 
is clearly very generalized and hazy 
(Hurd, 1961). The hypothesis that comes 
from it is, however, much clearer. If 
you have a society that accepts biolo- 
gical considerations as pari of its culturo 
tlien, ii respective of the vocational value 
of the subject, and providing the educa- 
tional system is sufficiently flexible to 
allow cultural education to flourish, then 
biology as a school subject will also 
flourish 

3. Biology in British Schools'* 

In Britain too, biology has increased 


in populaiity as a school subject. Thus 
between 1935 and 1959 the number of 
candidates offering biology at School 
Certificate or 0-lcvcl G.C.E. standard 
increased more than fivefold. Yet tho 
numbeis offering physics only doubled 
while with chemistry there was an even 
smaller increase. 

To some extent the rise of biology was 
really a rise of zoology because, at tlie 
same time, the popularity of botany as 
a subject at tins level declined. In 1928 
some 26 per cent of pupils entermg for 
the School Certificate examination took 
botany, less than 1 yier cent took biology 
Came 1950 and 31 per cent were taking 
biology and about 1 per cent botany. 

However, biology was able to com- 
pete witli the rise of general science as 
a subject over the same period, Indeed 
(his was to the advantage of biology 
because iL meant that by 1950 some 26 
per cent of School Certificate entrants 
vvcic taking biology within general 
science and so about 57 per cent of all 
pupils had some biological education. 

TABLE 1 

Total number of candidates for science subjects 
in the summer examinations of the School 
Certificates and G.C E, 0 — level 


Subject 

1935 

1949 

1951 

1959 

Biology 

9,968 

34,093 

28,014 

73,001 

Chemistry 26,706 

28,998 

20,677 

53,803 

Physics 

19,770 

28,842 

21,548 

60,029 


(After Tracey, G. W. (1962). Biology — Its 
StruESlo for Recognition Sch. Sci. Rev. 43, 
No. 83) 


Since tlie introduction of the G.C.E 
examination in 1951 without its compul- 


*The statistics referred to in this section do not include those for Scottish schools. 
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,sory c'.'Ur^oiK’s fif .siilijrct. the pKipoi- 
tions (if pupils takitiu; any niic sulijucl 
lias Idulurl til (Ici'iuasc, Yil, hiulojiv 
lia.s, (111 llic wlidlc, licld ils ciwii and is 
c'lincnlly llic innst pri]iiilai single .st'U'ncc 
Miliiccl at ()”l('V('l. 

It sluiultl li(' iKitcd. liowcx'cr, that 
llicrc lias Isi'cii a dccliin' m tlu* piupoi-- 
tioii (if pupils li.iviiig s(inu‘ form of hio- 
cduc.itiim Ijcc.iusc of llic vers 
marked decline in (lie pnpnlatity of 
eial science, This di'cline has not, ap- 
parently, heen cnmpc'nsated fur liy adt“- 
(piate iiKTeasc in the pi opui lions of 
pupils- lakiii}:' other scientific snh)ecls and 
lierici' appears to have resulted in a slij^hl 
oveiall decrease in iIk* propmtioii of 
pupils reeeiviuf; a .seieutifie education at 
tins level, 

This account has not considered pupils 
who do not. take- the (IClls. Statistic.': 
are not eas-y to come by, and heeau.se 
hiolojfy is .so fie(pioully tauKlil within 
a framework of (rcueral seience to .such 
pupils, it i.s cliiTicuU to as.sess il.s ndative 
statirs. 

At the .si\lh-fonn level the po,silion 
i.s (piile different; biolofiical subjects arc 
taken by fewer students than other 
.science subjects. In 1928 soino 28 pei 
cent of n.iS.C, candidates look phy,sic.s-, 
27 per coni took chcmlstiy but only 5 
per cent look botany, 2 per cent look 
zoology and tibouL 1 jier cent biology. 
In 1950 the fignuis weui 39, 37, 9, 9 and 
just over 10 pei cent re.speclively. With 
the advent of O.C.E. the po.sition was 
not altered materially. In 1961 the per- 
ccnlage of pupils taking these .science 
subjects were airpioximatcly 33, 26, 5, 7 
and 7 per cent. Tlic overall decrease in 
drese propiortions can be attributed to 
. the influence of more flexible G.G.E. re- 


giilatiniis allowing pupils to take fewer 
subjects. 

Uelween 19.57 and I960 the proportion 
of pupils taking .science .subjects at A- 
level iiiereased, but .since then there has 
been an app.iienf swing against .science. 
In fart, this movement is away from tlie 
pby.sieal seienees. Biology has increased 
its popularity. 

The diilerenee in the status of biology 
at O-level .nid A-l(n\'l G.G.E, is ap- 
parently the result of the relative influ- 
euee of vuealioiial cousulciations. To 
some extent choice of subject at 0-level 
ajipear.s to be iiillueiiced by what occu- 
pation a jnipil U'lshes to enter, but 
eleaily many pupils have not made up 
iheii muids on this issue and, at this 
stage, schools, on the whole, arc recep- 
tive to cultural .subjects. Biology is 

T/vni,ic 2 

AvertH’f per rent ogc inciense per year 
m the number of entries at A — level for 
science subjecis 


Subject 

1957-60 

1960-63 

Hiological Science 

*7,3 

♦9 8 

Chemistry 

9.1 

4.1 

Pliysic,s 

9.9 

7.0 

[The figures 

given for 

biological 

sciences include 

both biology 

and zoo- 


logy. A.s the pupils are not allowed to 
lake both these subjocLs and relatively 
few take botany without zoology this 
gives a reasonable as,se.s.smGnt of the per- 
centage taking biological sciences (After 
Pillips, C, (1965) Science and Art Sub- 
ject.s at G C.E Level, Times Ed. Suppl, 
November 1965). | 

often looked upon as the ‘culturar 
.science at 0-leveI, view very common 
in girls’ schools, and it is this, particu- 
larly, that explains tire large proportion 
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of girls that take biology. ^Vith boys 
(he potential ii.se of tlio .siiliject iHiix'ars 
to have a giealcr inllnciiee. Thus, while 
tlierc are approximately lour times as 
many pupils taking biology at O-Icvel 
tlran A-lcvel (biology or zoology), the 
difference between A-level and 0-level 
for gills is much gieatei. 

The differences between 0-level and 
A-level entTics for physics and eliemi.shy 
incidentally arc not so gieat and, m pio- 
poition, arc similar for boys and giil.s. 
Tlie entries for both subject.s at O-ku’cl 
are lOiighly three times that at A-level. 
These figures suggest that relatively 
more pupils take up pbysie.s and ebeini.s- 
try than biology at O-level becausi' tiny 
wish to continue, with the, subject.s at 
A-level and pcxssibly beyond. 

It seems fairly clear then that the cul- 
tural image and matei ial value of biology 
has an influence in Britain as it does in 
the U.S.A., but it lead.s lo a eonliasling 
situation. At O-level, where, the organi- 
zation of the curriculum is adaptable and 
the accent IS' on cultiual education, bio- 
logy flourishes. At A-level where, there 
IS more rigid vocational specialism, bio- 
logy is much less promiiicnt. 

The cultural nnportanco of biology 
also appears to be becoming moic ac- 
cepted by the general jniblic in this 
countiy. Wlicther or not we arc* as 
biology-oriented as the Americans is 


anyone’s guess, hut par ticularly through 
that biology in tlu' Iasi decade lias gra- 
rhiully accpiiied a wider and nioie in- 
teu'Sled aiulieiiee. It lias had a good 
picss, and wliatcvci icsisvation one may 
have about popiihni/ing seieiice it must 
be reeogni'/ed that molecular biology 
and oilier 'popular' siibj'eels have had 
considciabh' inllucnce on raising the 
status of biology in the pmhlic mind— and 
heiicc its acceptance 

A. CuUural hiolofiti and ciiri'iculiim 

oif^anizaiion 

The eiiUmal role of biology in educa- 
tion is now accejilt'd in many countries, 
but its statii.s m the school emnciiluni 
varies consiclei ably. In some eounlnes 
like .Sweden it has iiierea.sed, In West 
(h'lmuny, for ('xample, tlu* tiend has 
been leveised. Biology was a eompul- 
soiy subjeeL theie until 1960 when, in 
urdei lo allow jmpil.s to eoneenlialt' on 
lower subjecLs, biology, ebemistiy, gc'O- 
grapby and, in most schools, physics weio 
niade optional .subjects'. Now, a much 
lower juopoitioii of pupils, in the. last 
yt'ars of secondary school, lakes biology. 

The instance of West Genuany high- 
lights the way ciiiricnhim organization 
can inllnence the education a pupil re- 
cctvc.s. Another evample is de.seiibed 
in the* recently published survey b) the 
Biological F.duealum Commillec (Iloyal 


TAlir.H 3 

Niimbei of eiiti ants for , science siilijecti al the IW3 lummcv c\umimilion of the G.C.K 

Biology Chemistry Pliysics 

Boy.s Girls Boys Girls Boys (Jirls 


0— level 36.667 84,385 61.0-i6 17 570 82,281 14,331 

A— level ^751 6,888* 22,778 5,334 32,406 5.141 

*Biology here includes biology and zoology (From Dep. of Ud. and Sci. (l‘)64). Statistics ol 
Education, Part 3 Loudon' If M.S Oj 
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Swirly «»f RinlMjiy .il 

Ktliit atiitn ClnmiiiiHn' BWii llial nlr. 
sdiwul nifriutlsnn as a 

dearly defiiieil n asoii ssh> jmidHial 
Sixtll'fftrm hiuln^isls fail («i lalsr up hiu. 
lugy, II IV tins fat !ur, pnihalily iiiur<- 
lhan any ulher, tliat mav. iii a umnla r 
tif edUiitries. liuld up tfi** \v ell tli fin* <1 
trend Uivvards a nmrr pnaninenl rule fur 
hiulugy in tbr selinnl uirrivnlnm 
In this eunntry, the prupnsaK In iiiK 
clisftisM'tl thriinnh the uueiKv uf the 
St'hnols Cmintil (Tlie Sehimls Cloundl, 
Ihfifl) fur a less restruiiiiu sixth-form 
c-iinricnhiin ihrmtj'h the use of major anti 
mitmr snhjeet shunltl, if taken up, result 
in an int tease in the numhers taklnj:' 
hinloRy. At present ii nutnher of ptipils 
who wmild like to trikt* hioloj^y with, say, 
the physical seieiiees and mathematics, 
in the sixth are forced to iihandon it be- 
cause of the timetabling difficulties; 
mathematics, for example, often being 
blocked as an alternative to biology. If 
a combination of biology, physical 
science and mulltematics btwmes a pos- 
sibility it is a fair gviess that morit pupils 
will take biology. The .sixth-form,s are 
also taking in more pupils not aiming 
at the highest piofessional slatns and it 
is likely tliat tliis will result in a growing 
need for ‘cultural science'. If the past 
Is any guide to llu* future, :l will be bio- 
logy that will tend to satisfy this rerpiirc- 
ment 

Tlu're is also a growing willingntsss on 
the part of the higher education to loosen 
the ties of specialism with the. schools. 
Tire wide range of potential vocational 


Iwx tu 1 m‘ a broad-based, cultural course 
whuh. mwerlhelexs, through its ap 
pro,u-h mint ' foster those abilities and 
altiindi-x fltjif will serv’c a Student well 
m higher education, llirre appears tote 
,1 genrruns .ttttlndr in higher education 
III the iiu'vitahilily of this situation and 
it mr.mx tliat A-li“vel biology can te 
btM.idened and made more appealing to 
a with r range of pupils. 

a. Almiuhmmfi hUihfitj in the slxth-fom 

A f.irtor that bus possibly been limit- 
ing tlirse influenees on the growth rate 
of sixtli-fnnn biology has been the sug- 
gestion that biological departments in 
nniversilies would prefer students to go 
lip with physiis, cheinistr)' and niathe- 
nuitifs and without biology. According 
to the Hiological Kduculion Committee's 
survey, this may he the opinion of 'mote 
than one Pnifessor* but there is not evi- 
dence of it being taken up in practice. 

The clemiind hir a cpmnlitative ap- 
proach to biology and a recognition ot 
tlie imporlnnce of certain aspects of the 
physical scienc'c to the subject is under- 
standablo enough, byt to suggest that the 
answer is to do no biology in the sixth- 
form ignores three important points, 
First that the presence of a subject in 
the school cnrriciilnm acts as a stimulus 
to vocational choice. It is unlikely that 
pupils will he encouraged to become 
biologists by lire suggestion that they 
should not pursue the subject. Second, 
that it i.s important that future biologists 
should understand the relevance of phy- 
sical sciences and mathematics to their 


subject. In this connection there is some 
demands of sixth-form biology literally ; evidence that poupils who take biology 
makes it an inipiossihility to construct a ^ because they feel they cannot compete 
specialized vocational course which f with physical sciences and mathematics 
would suit all piupils, A-level biology gain a competence in these subjects by 
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Studying them in a biological context. 
Third, that biology is not just an adjunct 
of the physical science.s. In many a.s- 
pects of the subject the conceptual ap- 
proach is quite diflcrent; many areas of 
subject-matter have little connection 
with physical sciences and the intellec- 
tual implication of the biological and the 
physical sciences are by no means always 
the same. By removing biology from 
the basic education of future biologists 
there is a danger of inculcating a nar- 
rowness of outlook that will be difficult 
to remedy m later years. 

The answer to the worry about the 
physical science needs of future biologists 
lies not in the negative approach of re- 
jecting A-lcvcl biology but in the positive 
one of ensuring a flexibility in the sixth- 
form curriculum such as that proposed 
by the Schools Council and the adoption 
of biology rather than botany and zoo- 
logy as sixth-form subjects, which will 
allow time for all the subjects needed 
by pupils to be taken. 

The answer also lies m reforming the 
content of A-level biology courses so 
that they contain relevant aspects of phy- 
sical sciences and mathematics. Changes 
in die A-level biology syllabus of various 
examination boards are pointers in this 
direction and the materials of the 
Niiflield A-level biology project now 
under trial are devised to meet this re- 
quirement. A product of such reforms 
may not only be that the needs of cul- 
tural education and of future biologists 
are met but that biology will be given 
what may be called an intellectual res- 
pectability that will attract bright pupils 
who otherwise might have preferred 
other subjects. 

Exactly how the introduction of a 


.significant load of mathematics and phy- 
sical sciences will affect recruitment in- 
to school biology is difficult to say. The 
Biological Education Committee’s report 
indicates that the lack of mathematics in 
biology is a potent reason at present for 
some pupils taking up the subject. Some- 
how a balance has to bo achieved tliat 
will grant intellectual respectability and 
relevance without heightening the con- 
fusion and fears engendeied in some 
symbols and equations. If this compro- 
mise can be achieved it will also give 
biology a new role in cultural education. 
It can become the focus through which 
some non-sciervtiJic pupils, unattracted 
directly by the physical sciences foi rea- 
sons already mentioned, can obtain, if 
not a full, at least a fuller, scientific edu- 
lalion. They can be introduced to the 
physical sciences through tlie back door 
of biology 

Thcic is, of course, no suggestion in 
these ideas that biology should be iso- 
lated from the other sciences. What is 
needed, and what appears to be happen- 
ing, is a lealignment of status so that 
biology is no longer treated as the edu- 
cational Cinderella of the sciences. Pro- 
viding such refonns, as have been out- 
lined, aie acceptable and implemented 
it would seem that we have the poten- 
tial foi a vigorous giowtb of biology in 
the sixtli-fonn, It will be part of an 
overall move to more biology in the 
schools. 

C. Cultural education and economic 

value 

In Britain today there is a hesitant acc- 
eptance of the economic value of bio- 
logy, In part this is a result of past mis- 
intei-pretations about the national needs 
for biologists, doctors, etc., and there 
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tiiiiuil jiluiuuni'iiuii H'fli‘tt.s its import' 
unci’. iMirtlu’nnciri*. tluTi* arc also in- 
tmiiilimiul mtcriu'tuiiis tint have Miiiiii- 
l.ilctl this tlc'vc’liiptnnit. Fitllou'iiist in 
the wake of the AiiU’rican ciuriciihim 
ilevelripnu’nts simitar rcfonns—allliminh. 
except for the NtilFiehl projects, fesv are 
a.s extensive-hiis e taken place in a mtin- 
her of cinintries. In virlnally eveiw case 
the uccenl luis heen on eulUiral ccluea- 
lion in biology. 

At the same time clevclopnicnl have 
been aided by the belief that, in the long 
run, economic and other, more material, 
heiierils will arise’, 'lliis is the iihilo- 
.Sophy that Dr. King e>.xpres.secl whcni he 
prophesied that biology xvill be the 
sdence of ibi! 1970’.s and 19H0'.s. 

Th(j situation is not comparable to 
Ural of earlier di’cades when we were 
concerned with the physical sciences. 
Then it was much more straight-forward 
because the benefits were easy to per- 
ceive, What actually will come from 


beno hs-'hign .il t* si-.ireh Ls not so dear, 
Wh.n rftpnrdl tfiday is an act ol 
|.m!1. hi hu.b.gv ,uid 151 flic long-term 
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t..i b*«4,.gs us ;» niltnrul subject in out 
St Knt.ls bill .«lsi* til foster its development, 
ssc will pri«dmi' a biologj'-conscious 
ils'iii r.iliiin m the ni'xl two decades that 
Will In- able Im rn ogmVe and benefit from 
till' Innts of biolfigic.d rc.search. If we 
do not do this, so niuclt will be wasted, 
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The Nuffield 

Biology Project at 0-Level 

W. H, Dowdeswell 


1. Introduction 

^ HE Nuffield Foundation Science 
Teaching Project arose as a result 
of a widespread interest in curriculum 
reform wliioh began to gather momen- 
tum in Britain during the late 1950’s. 
This was due particularly to the Associ- 
ation Science Education (then the 
Science Masters’ Association and the As- 
sociation of Women Science Teachers), 
pioneer work by various individual 
teachers and the stimulating influence 
of several American projects such as the 
Biological Science Curriculum Study. 

The project at the Ordinary level of 
the General Certificate of Education has 


Consisted of three separate enteipinseS— 
in physics, chemistry and biology. Al- 
though distinct as science disciplines, 
the projects have maintained close links 
with one another being giouped to- 
gether adininistiatively under a single 
head— the Nuffield Foundation. The fact 
that in our Grammar-type schools two 
or even thiee sciences are often studied 
concuriently at 0-level has necessitated 
rather careful synchronization of certain 
sections of the tliree Nuffield courses. 
For instance m developing the biology 
course it was important to make sure 
that assumptions made in other fields 
were justified and that a topic such as 
oxidation had been adequately covered 
on the chemisti-y side by tire time it was 
needed in the study of, say respiration, 

2. Choice of an Age Group 

The mandate of the Nuffield Science 
Teaching Project was to consider the re- 
quirements of those children within the 
age group 11 to 16 years, who would 
nonnally take G.C.E. at Ordinaiy level. 
Experience gained during our extensive 
trials has shown, however, that especia- 
lly in the early years, tire materials are 
also of considerable value to children 
taking the Certificate of Secondary Edu- 
cation and even to those who are not. 

The reason for selecting this age 
group was that it came from a segment 
of the school system where reforms 
could be brought about in a compara- 
tively short time and with a minimum 
upset of teaching organization. 

3. Aims of the Biology Course 

The biology course, with which I am 
concerned in this article, has been deve- 
loped within the following framework: 
(1) its primary purpose has been to 
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provide a .sound inlrodudion to modern 
liiolo^y for tliosc children wlit) will 
It'iivc .vdiotil at the a^e of 16 and have 
no more fonmd .‘icience teaching; (2) 
a.s a M’cmidarv’ retpureincnt, it has aimed 
to provide a suitahh* background for 
more advanced, siX'cialist work in the 
A sixth form leading to G.C.E. at Ad* 
vanced level; (3) a further role has 
been to provide a basis for additional 
courses of science at sixth form level 
suitable for those not pursuing science 
as a specialist subject, 

Stated in .summary form, the aims of 
the course have hoen: 

(a) to foster and encourage an atti* 
tude of curiosity and enquirj*; 

(b) to develop a contemporary out- 
look on the subject; 

(c) to develop an understanding of 
Man as a living organism and 
his place in nature— 

(i) the usefulness and social 
implications of biology in 
relation to Man's every-day 
needs, e.g,, food and public 
bcaltbj 

(ii) the profound influence of 
Man’s activities on other 
organisms; 

(iii) the way in which a study of 
biology enables Man to inter- 
pret observations tliat bo 
makes in every-day life; 

(d) to foster a realization of the 
variety of life and of underlying 
similarities among living things; 

(o) to encourage a respect and feel- 
ing for all living things; 

(f) to teach the art of planning 
scientific investigation the formu- 
lation of questions and the de- 
sign of experiments (particularly 
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the use of controls); 

(g) to develop a critical approach to 
evidence; 

(li) to develop the following ideas 
about biology as part of human 
cntU*avour— 

(i) biology has been developing 
over many centuries: there 
are many unanswered ques- 
tions about life: our ideas of 
life may change as new 
knowledge is obtained; 

(ii) that biological knowledge is 
the product of scientists 
working in many different 
parts of the world. Its pur- 
suit is international; 

(iii) that it is based not only on 
observation and experimenta- 
tion but also on questioning, 
the formulation of hypo- 
theses, testing of hypotheses 
and above all on communica- 
tion between people; 

(iv) developments in chemistry, 
physics and mathematics 
help us to make advances in 
biology. 

Our attempt to develop a more con- 
temporary, experimental and enquiring 
attitude in teaching and learning has de- 
manded not only consideration of what 
is taught (although this is obviously im- 
portant) but much more of how the 
teaching should bo conducted, Through 
the medium of tire Texts and Guides, 
our aim lias been to show how a more 
experimental approach in the laboratory 
(obtaining first-hand evidence) and a 
more critical approadi to second-hand 
evidence (derived from the literature) 
can lead to a more lively and truly 
scientific outlook among pupils. 
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4. Time Allotment 

For those schools following the five- 
year course as written, we have sug- 
gested that the allotment of teaching 
time should be, during the first two 
years: two periods per week; during the- 
remaining three years: three periods 
per week (one double and one single). 

We assumed the average length of a 
period to be 40 minutes. In addition to 
teaching time, we would expect the 
equivalent of one period to be allotted 
for out-of-school preparation during the 
first two years and one or two per week 
during the remaining tliree years. How- 
ever, as our extensive trials in schools 
have shown, the course can be used in 
a variety of circumstances. Indeed, flexi- 
bility is one of its particular features en- 
abling it to be adapted to teaching 
systems of widely differing kinds. 

5. Publications and Odier Teaching 
Materials 

In the Nuffield Biology Course wo 
have sought not so much to introduce 
new factual material, although this has 
been done to some extent, as to re- 
orientate the approach to that which is 
already taught. This has demanded 
new teaching techniques and new kinds 
of resource material. 

A. A Text for Students 

When considering the form our pub 
lication should take, one of the first 
questions we had to answer was whe- 
ther there was any justification for pro- 
ducing yet another textbook thereby 
adding to the multitude that already 
exists at this level. Three considerations 
particularly, influenced our decision that 
such a book was necessary: 

(1) The fact that throughout the 


course emphasis is placed on ex- 
perimentation and enquiry seem- 
ed to us to dictate that practical 
and theoiy must be closely re- 
lated, the one growing out of 
the other. To divorce them by 
publishing the practical work as 
a separate laboiatoiy manual 
would clearly have been a mis- 
take and contrary to one of the 
principal aims of the piroject. 

(2) Unlike previous biology courses 
at this level, great emphasis has 
been laid on a more critieal ap- 
proach to second-hand evidence— 
that obtained by scientists in the 
past on which the greater part of 
our learning depends. Wherever 
possible, instead of making dog- 
matic assertions of fact we have 
tried to provide a little of the 
experimental data on which 
particular assumptions have been 
based, thereby giving the student 
an opportunity to evaluate the 
evidence for himself and to draw 
his own conclusions. The extrac- 
tion and assembling of such data 
has proved an extremely labor- 
ious operation requiring time and 
facilities not nonnally available 
to teachers, A text pirovides the 
ideal medium for presenting such 
material in a form in which it 
can most conveniently be used in 
teaching. 

(3) By writing a text, we have been 
able to present biology as a uni- 
fied subject thus dispelling tire 
idea still prevalent in some quar- 
ters, of the existence of two 
separate disciplines, botany and 
zoology. 
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Av its iiuiiH- itnplirs. tins inipnrl.mt 
linnk imivicU's a toninifiitaiy on flu* 
ronrsc {rnm ihi' t<',icliiti>' viowpoint. 'Die 
niiiU'rial it rtmlains can he g,rm)j)ccl 
roughly into tlirc<* kintls: (1) notes on 
possihlc incthtHls ol teaching diifcrcnl 
topics with snggcstitiii!; ns to how parti- 
ciihir sections of the course iniglit h( 
presenteil from a practical and theoie 
tical standpoint; (2) instructions regard- 
ing practical work including suggestions 
For introducing niutcrial ulteniative t<i 
that desciihed m the text; (3| ‘eook- 
hook" inronnation on the i-onstruction 
nl uppiir.itus, preparation of n-agents 
and general luhoiidory know-how. 

a. Biltm Loops 

Isuch of these la.sl.s nhout three iniint- 
te.s and is intended for use. with projee- 
Lons such as the Technicolor HOOE. So 
far .some 25 have been produced iind 
these form an inle-gral part of the counse. 
They are of three main kind.s: (1) deal- 
ing with dynamic proce.sses which arc 
not einsily ohservahle in a school laho- 
ratory such a.s feeding in a housclly or 
the life cycle of the parasite AjMnieles 
pjomcralus; (2) illustrating experiments 
which cannot at present he conducted 
under school laboratory conditions, for 
instance, the u]ilake of C in photo.syii- 
thesi-s; (3) sliowing the sequence of a 
technique which the teacher would 
oihersvis'c have to demonstrate to the 
class (probably several times), for in- 
stance, the squash method of malcing 
chromosome yireparations. 

The fact that the operation of the 800E 
projector is so simple and no blackout is 
required, means that dieie need be little 
formality about using films under class- 


rmirn condition.^. Pupils can perfectly 
wi'll s icw the loops misiipiwhcd, forin- 
stiincc* as a means of revision if they find 
themselves in dunhl uhonl the sequence 
of a parlicnlar teelmicpie that they are 
using m (heir class practical work. More- 
over, the fact that they are silent, means 
that :i teacher can use the. films to intio- 
dnee c.xperiinental situations for discus- 
sion in i lass, 

0, .Sequence of the Course 

The course is divided into five sec- 
tions- each lasting a year. The first two 
ve.irs (age r.mgc 11 to 13) represent the 
iiilnKlnelory phase, wliilt> the remain- 
ing ihn-e (age range 13 to 16) are the 
intermediate phase. 

Introdiic’toiy Phase 

Year 1 Introdiieing Living Things. 

Year 2 Life and Living Processes, 

Intcmucdiate phus'c 

Year 3 The Maintenance of Life 

Year 4 Living Thing.s in Action 

Year 5 The Petq)eluation of Life 

Throiighonl the five, years a number 
of fundamental themes and ideas occur 
repeatedly and it is round these that the 
cour.se lues been built upi. They are; 
(1) cycles of matter and energy; (2) struc- 
ture and function; (3) interaction of or- 
gaiii.sni and enviroiimeiil; (4) integration 
and li()meo.sta.sis; (5) replication; 6) varia- 
tion; (7) athiplalion; (8) natural sclectioni 
(9) clas.s'ification; (10) man; (11) mathe- 
matical relationships and experiments, 

The aim of the inlroductoiy course is 
to provide training in observation, re- 
cording, the formulating of hypodieses 
and making simple deductions. In the 
early stages, the work is largely descrip 
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rive, but it becomes more quantitative 
towards the end of the second year. 
From the third year onwards the ax')- 
proach is a good deal more ligoious and 
quanlitaUvc, and the design, of r-xxieri- 
ments of a more oiien-ended’ hind iilay 
an ever grealei xiai t. 

The first year couise oxiens with a brief 
survey of the variety of life V'liicli leads 
naturally into the problem of elassifica^ 
fion. This is followed by an investiga- 
tion of a living organism (an earthworm) 
in its natural environment, tlie intention 
being to intioduce students to the soit of 
problems that arise in biological ex^ieri- 
mentation. At tins point the need to 
identify organisms arises and a chapter 
follows on tlie use and construction of 
keys and the range of variation in plants 
and animals, Tlie remainder of the year 
is concerned with the general theme of 
structure and development starting with 
cells and moving on to reproduction and 
growth in living organisms, including 
Man, Insects provide excellent mate- 
lial for such studies in the laboratory 
and the use of locusts and butterfies, such 
as Pieris bmssicae, is considered in some 
detail. 

The second yeai begins with a study 
of micio-organisms both from an expe- 
rimental viewpoint and in relation to 
Man’s everyday life. This provides a 
lead-in lo such subjects as public health 
and the control of di.sease. The empha- 
sis of the course then changes towards 
a more quantitative approach and the 
consideration of sizes, shapes and move- 
ment in living diings. Our aim here is 
to help children to appreciate the value 
of models, both physical and mathema- 
tical, in the solution of biological pro- 
blems, By now it is summer time and 


we reluin to reiirodiiction in jilimts, 
The conise ends on a human note with 
a eonsideiation of what ‘growing-up’ 
invoIve.s and finally places Man in his 
ecological environment with emxihasis 
on the need for conscivalion. 

The thiid-year course contains much 
of the material traditionally taught at 
this level, but the air^rroach is much 
more experimental with extensive use of 
both first-liand evidence. Consideration 
of gaseous exchange leads on to iesf)i- 
ration, food, feeding mechanisms and 
problem.s of digestion. Then follows a 
consideration of jilanls in relation to the 
atmosphere, photosynthesis and the or- 
ganism m relation to water. The course 
ends with a section on ecology which 
places the various physiological proces- 
ses considered earlier in their wider 
context. Since our approach to ecology 
differs radically from generally accepted 
practice, it will he coirsidcred separa- 
tely. 

The fourth year provides a logical 
continuation of the thiid and iDeghrs 
with ecology. It then takes up the story 
of water relations once more with a con- 
sideration of water control, substances 
in solution, transport and mass-jlow sys- 
tems. The emphasis then switches to a 
consideration of behaviour and the 
oiganisms as an integrated .system. 
Study of effectors leads lo sense organs, 
linkage systems and methods of adjust- 
ment. The kidney is used as an exam- 
ple of an oigan concerned with homeo- 
stasis. The later chapters follow a 
theme of the significance of behaviour, 
its suivival value and die organism in 
Its environment, including parasitism. 
Finally we consider how Man can influ- 
ence his surroundings and this leads us 
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hark ntHf* auaiii to rmisriv atinii. now 
trralrd ill ll tiimr snpliistiiati d lr\('l. 

'I'lic Iifth-yr'.'ir i oiirsr irim'srnts a 
radical drparltirr from tiaditioiial tra- 
rliing iU tills Ic'srl It hcjciiis uilh a 
( otiMdrration of (Ik* smiilantirs ami dif- 
Irrriu'i's in livniif lli!iii>s irfou’iti.i' liack 
to pvohliMiis alrrady iiUi'iKlmt'd at an 
rli'iiirtitarj lovc'l in Yrar 1, Tins leads 
on to MU'h tpu'stioii.s as, lunv do .snni- 
iaritiiss and dilferc'lU’es eonie about, 
what is the material ol inheiitaiK'e, how 
do new chaiaetmisties aiise and how do 
^enes woik? In\(‘sli(tatiun of the aelion 
of j;en(‘s piovkles a h'ad-in to the jval- 
lern of development m hvin.i; otf'amsms 
and the problems of .stndyinj' them. 
This hriof's us back once again to the 
topic of reproduetion (introduced m 
Year 1). which is now dealt svith in 
gi eater depth. The course ends with a 
study of genes in populations, natural 
■seleetioii and, finally, evolution, 

7. The Role of Ecology 

In devising the ecology section of the 
Nuffield Biology Couise we have been 
C'oneenied to depict the .sccpieiice of 
events which leads up to the eslahlksh- 
tnent of a lis'ing community, thereby 
providing a backgunind for the rest of 
the conr.se; jiarlieularly those portioii.s 
eimei'nied with phy.siology, behaviour, 
natural selection and evolution. We 
have rejected any ideas that study at 
this level should be coiicornod with 
'well-deftnecl liabital.s’ or with the 
bread description of ‘biomes’. We, 
begin with the fact of unequal distribu- 
tion, derived from a study of Pleurococ- 
ctis on tree trunks and palings. This 
raises the question of how organisms 
reach a habitat in the first place (some 


have* to be imned; some can move on 
tlien owiij. and what piohlenis fgee 
them m In coming established, Compe- 
liimn .iiitl Mieeession finally result in 
file foi Illation of an established com- 
munity winch IS well illustrated from n 
slndj, of Mill nr litter. Finally, the fact 
that org.inisnis themselves pio vide habi- 
tats lor otlieis leads to a brief conside- 
ration of pai.isitiMU as an ecological re 
lationship. Each of these stages is illus 
trilled by a series of investigations all of 
which e.m he conchieted with the mini- 
mum of eqiiijnnent and within the vici 
mty of even the most urban school. 
Fanphasis is placed throughout on the 
relationship between investigation m the 
field and espeiiment in the laboratory, 
This applies also in the introductory 
com.se. For instance, tliC' study of earth- 
worms in Year I involvi's nut only out- 
.side ohsi'rvalioiis hut also the setting-up 
of wormeries I'oi observation under ex- 
peiinieiUul eonditions. 

8. Background Heading 

A major prohlem of leaching at this 
level is providing p)upil.s with adequate 
opportimilies for reading outside the 
confine.s of the eouise. Suitable refer- 
ences are often dilRcuIt to find and even 
if they aie available, their use by large 
mimhers of .students can place an into- 
lerable stuun on .school libiury facilities. 
We hav(‘ attempted to overcome this 
difficulty by puividing at the end of 
each ehnptt'r a few page.s of Back- 
giound Rending, This is material in- 
tended for oul-of-school use (possibly 
in Prepraialion) and covers a great 
diversity of topics eacli related to the 
chapter preceding it. For mstance follow- 
ing a chapter on ‘Growing Bacteria’ we 
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have an account of Louis Pasteur, ‘How 
Animals Feed’ is jlluslratecl Iry the Lou- 
dest Noise on Eartli-the story of Kraka- 
toa and its subsequent ii'colonization. 

9. Examinations 

At the outset of tlie. Piojecl wt' roaliv,- 
ed that the nature of the examinations 
would ultimately determine whether it 
succeeded oi failed. If wo were to alter 
appioach to biology teaching, wt' had to 
devise a type of examination which was 
in sympathy with and complementaiy to 
our aims. Space does not allow a de- 
tailed account of tlu; activities of our 
examinations organization, which has 
been concerned not only m devising 
new types of questions but also in a 
piece of fundamental le.scaich into exa- 
mination piocedures. Suffice it to re- 
cord here two of our most significant 
innovations. The first of these has been 
the leplaccment of the traditional type 
of paper involving a few long questions 
by one containing numeious (about 40) 
short ones. This has had the dual ad- 
vantage of pioviding a wider coverage 
of the syllabus and also a greater relia- 
bility in the marking. The second has 
been the intioduction of a structured 
and more objective kind of test with the 
various types of questions categorized 
so that their relative iiroportions can be 
adjusted at will. The .six calegoiies we 
have used are: 

(1) Simple recall-based question on 
factual material memorized by 
the candidate. 

(2) Association recall-questions de- 
manding the association of one 
piece of lecall infonnation with 
another. 

(3) ExperinmentaL recall— concemed 
specifically with the kinds of ex- 


peiimcnlation which will have 
been cairiod out by the candi- 
dale 

(4) Experimental de.sign— involving 
the design of e.xpcrimciits to lest 
jiartieular hypotheses, 

(.5) Deductive— the leading of giaphs 
and tables, fomiulation of hypn- 
the.ses from data piovidcd and 
the selection of the most likely of 
a nnmbei of different hypotheses 
(6) Continuous piose— a short essay 
(about 250 words) intended to 
test a candidate’s ability to ex- 
press himself in his own words on 
a biological topic. 

This ainmgcmenl is in marked con- 
liasl to existing examination papers in 
Inology at O-level where the fjueslion.s 
aie almost invaiiabl)' of the simple re- 
call type. We have also considered 
carefully the merits and disadvantages 
of mnltiple-choice questions and have 
made use of them in our papers to a 
limited extent. In bringing about tliesc 
changes in examining appioach wc have 
owed a great deal to the help and co- 
operation of the various Examining 
Boards. The fact that last July saw the 
second Nuffield G.C E. 0-levcl Biology 
Examination beais testimony to the 
degree of co-opeialioii llial has existed 
between the Boards and the Nuffield 
Biology Pioject. At long last wo have 
an examination designed to conform to 
a mode of teaching lathei than a way 
of leaching dictated by tlic nature of an 
examination. There i.s no doubt that we 
still have a lot to leain m this field, but 
at least a .start has been made— we hope 
in the right direction 
10. Trials in Schools 
A featuie of all the Nuffield Science 
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'r*’a('liir)U Firjjcti Ims hi'cn clnsr cfui- 
sull.ilii ‘11 .it even' Ifvr-l Ilf the e<hu-i»- 
liniiiil ( rlifii i\ p.utieiil.iilv with m-IiodK, 
Itaiitinu colleui s. tt rliniral inlli'Ui's anil 
iiihmimIv dipartmnits. In luhhtinn, 
the inateri.ils aiui evniiinatiniis ha\e 
been snbiecletl fn exteimi\(‘ trials under 
el.isMuoiii mnditiiins. Dunnn tlie year 
lUtil-Rt the thncl-year I'lmrse was fried 
out by snine fi5 .sdiunls iintilvini* 1(X) 
teacheis and 25(K) eliddien In IfKM fi") 
tiialv III llie whiile fi\e-\ear eniirse weie 
c•^nl(hK■ted iii •l.l sehniils- witli .S2 fe.uh- 
ers and -I'ltMl ehildreii. 'rhiniu'hiuit all 
these tiials eoinment bv te.iehers was 
sent in weekly, niiniernus fXiuu[i ineet- 
inj's of puilieipaliii)' leaeheis were held 


and a repuilniR system was set up based 
on neoiiiaphieal ari'as. In the light d 
all this flow of infinnialion, the texts 
guides and films Inu'e been extensively 
levised piior to their publication. Per- 
hap.s theie is little need tn emphasize in 
eniielnsiun what, I hope, will be clear 
already bum this aceenmt, namely tliat 
tlie Nuffield Hinlugv Project has been a 
eu-o])erati\ e enlerpiLse, not just the acti- 
vity of a lew mihvidiials. Thu resulting 
emirse lias lieen devised and vviitten by 
teachers loi teaeheis and lias been suh- 
jeeted to the mo.st exacting tests in 
even kind of secondary school in 
llntain. 
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Scientists you Should Know 


r\ R. RAM NIVAS RAI, belter known 
^ to ns all as Di. Rai, relinquished 
his post on April 29, 1968, as tlie Head 
of the Depaitmeiit of Science Educa- 
tion after a period of five long finit- 
ful years, His colleague, s in the De- 
partment bade him farewell with mix- 
ed feeling.s of .sorrow and delight. 
They were sorry that thi.s happy asso- 
ciation with such an eminent .science 
educator had an end, as all good things 
in nature have. Tlie delight was that 
they were celebrating their long a.sso- 
ciation with an illustrious leader and 
a well-known scientist. 


Dr. R. N. Rai 

Dr. Rai is well known among all 
physicists of this country. lie has been 
Icaclring jiliysics to several hatches ol 
undcrgradnulc and po.slgradualo stu- 
dents in Allaliabnd and Delht univer- 
.silics. Hut, towards the end of his 
official career, he did not deem it as 
coming down, when he agreed to serve 
the cause of science education in 
schools He toiled in his new post 
with dignity and puiqiose, at a time 
when very few persons from the cita- 
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di'ls itnnu'-ily pnrt.iK wi-rc ji’i'.ntiat- 
insl tls* Jic-chf I. niaUrts nf M irnci' 

rdut.Hiftii m MHOiwLiry ,s< ho..]s H.' js 
nnw [t'.ninK tin' Drpaitmr iit \'iith tln‘ 
h.ipjn* fliat dtic tn pio- 

s l.HijH lif'd hy tin* Minivlry nl 
I'aiut’atsnij aiul tn .srmtt* by bit 

n\\!> < ibtil'.. a laiHf imiTvbfr nf tncm- 
In rs t»f wiiih'c faculties of M’\er.il uni- 
\erM(ir\ are itmv :u lively asson'.rtetl with 
the Departmenl of Keicure Kdiiratiou 
and the \"ati(tnal (iomicil of KdiK'a- 
tioiial Ih'seart'h and TiaimuK in draw- 
ing; up syllabi, \vi 11111.1; of teachinn 
materials, isnidueting summer scIkkiIs 
for the taieiitetl slucletits. Indping in 
piekiiir; out scieulifieidly tahmted pu- 
pils and in various other ways. With 
the letirniieiit of Dr. Kai we can .say 
that ciiie ytloriuu.s eliupter-tlie fir.st chap- 
ter-“iii the history of scii-ncc education 
of this csmulry Im.s been completed. 
There are many more chapters to thi,s 
book and il is for his suecessor.s and 
(*rstwhiU‘ c'ollt'ajfues to wntimie the 
task and y;nide .science education into 
proper lines. 

Younj; Ram Nivas spent his child- 
hood in the village vSahandauli in 
Gorakhpur District in U.P where ho 
wa,s born on April 30, 1907, lie was 
the elde.sL of three sons of Sliri Trivemi 
Rai and Smt, XJrmila, He had hi.s 
early education in the village school 
and pas.sed the final vernacular waini- 
nation in Hindi as well ns in Urdu from 
a small town school in Gola Bazar in 
Gorakhpur District. Even at this early 
stage he showed his academic prowess 
by attaining distinction in mathematics. 
After a further study in high school 
with English and science subjects, and 
by dint of hard work and industry he 


M'unid a first division in science in 
the school leaving examination in the 
Vf.tt 1'0>, He joined the famous 
Kvving filiristian fiollege at Allahabad 
for till* collegiate classes, In the B.Sc. 
(IIoiis. j class he took physics as the 
m.im and ch(-mistry and mathemafa 
as suhsidury .suhject.s. He passed the 
i‘xaniiu:Uinti in the first division in the 
year PHI and was ranked first, His 
tcaclicis included .such illustrious pro 
fesvors as Prof. Meghnad Saha, FHS 
who later hci'amc the Director of the 
Institute of Nuclear Physias, Calcutta, 
which IS now known as Saha Institute 
of Nuclear Pliy.sio.s; Prof. N. R, Dhar 
who is now tlie Professor Emeritus at 
.Mlahah.ul T’nivcr.sily, und Prof. A, C, 
Baimcrji who later became the Vice- 
Ghaiicellor of Allahaliad University, 
I,at(*r in lf)32 Dr. Rai passed his M.Sc, 
cotir.sr* in pdiy.sics also with a first class 
und fir.st rank. After a period spent 
in research on" Propagation of electro- 
magnetic waves in the upper abnos- 
pluTc" he received his doctorate in 
19.31. He then entered the teaching pro 
fes.siou by accepting the post of Leo- 
turiT at tlac Allahabad University. After 
teaching for eight years at Allahabad 
he joined Delhi Univeisity and con- 
tinued to li'ach physics till the year 
1959. He. became. Render ip the year 
19-18. After .such n long period of teach- 
ing lii.s' services were, claimed as 

Principal by the Snnatana Dharma Col< 
lege in Delhi which began its science 
course in 1959. Ho ably guided tlie 
work of this college, and moved so 
well with his colleagues that even now 
Dr. Rai is respectfully remembered 
both by his former colleagues at the 
college and also the past students. 
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In Septembei 1962, he wcnL to 
U.S.S.R. along with Prof, R. C. Majum- 
dar of Delhi University, Prof. N. V. 
Subba Rao of Osmania Univci.sity and 
Dr V. S, Patankar of the U.G.C. The 
team visited the Soviet Union and stu- 
died the science piogrammes. They 
also visited tlie OA'hibition of Soviet 
achievements and the Institute of Semi- 
conductors at Leningrad. In Jannaiy 
1963, he was appointed the Head of 
the Department of Science Education 
of the NCERT. 

At the time he joined NCERT the 
Ministry had already drawn up a pro- 
gramme for the improvement of science 
education. Dr, Rai applied his mind 
to this task and developed a pro- 
gramme of pioject.s and plans for the 
improvement of science teaching 
in the school. In the beginning 
he had only a limited staff and for 
the amount of work turned out and for 
the amount of work he ha.s planned 
for the future the number of workers in 
the department is none too high even 
now 

It is not possible to single out any 
one piogramme as a highlight of Dr. 
Rai’s tenure of office in the Depart- 
ment. He was keenly interested in all 
the aspects of the programme and de- 
veloped them to very successful levels. 

When the NCERT set up several 
panels to prepare new and modern 
textbooks in science subjects suited for 
use m Indian secondary schools, Di . Rai 
associated himself actively with the 
physics panel, and largely by his efforts 
and those of the Chairman of the 
panel and other.? the first part of 
the physics textbook has now been 
publi,shed. He devoted a large amount 
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of his time and care for the prepara- 
tion of this book. 

A high powcicd Une.sco Planning Mis- 
.sion visited the coinUiy at the invilion of 
the Mniisliy of Education and suh- 
inilted a ii'poit on the leaching of sci- 
ence in Indian schools. Based on the 
reconunc’udations of this Mission, the 
Department has undertaken a project of 
teaclnng of science and mathematics 
a.s individual disciplines beginning fiom 
the middle stage of the school educa- 
tion Di. Rai gave able guidance to 
the development of this project and its 
details. At a time when he is leaving 
the Di'jsartmcnt the piojccl ha.s already 
successfully completed two years and 
it has spread from 31 schools to all the 
schools in Delhi, and some slates in 
the conntiy arc adopting this project 
in a few of their schools. The teach- 
ing inaU'iials for this piojcct liave 
been piepaicd in tin's department, Tlie 
project is now well set to vcnUuc on 
llic second phase of the piojcol, name- 
ly, the continuation of it in the last 
three yeais of the high/highor secon- 
dary .schools. 

In 1966, the Council sanctioned a 
new cuniculum project on science and 
mathematics under which 20 study 
Groups have been established in Uni- 
vcLsity ccnlios. Each study group is 
enluislcd with the la.sk of drawing up 
a cnrrieuhun in science for all .students 
in a ton-year school. Wliile helping 
the Study Groups in all subjects Dr. 
Rai paid particular attention to the 
Study Gioups in Physics, 

Auothci facet of the programme of 
the Depaitment is its project for 
strengthening science teaching through- 
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oiit tlic sditini stage, with assistance 
from till' rXICKF. also a sen* 
good working plan has been drawn up 
through which the Ministr}' hopes- to 
ihstnlmti’ cipnpnu'iU, train ttnrehers 
arid produce rnrricnhi and text iiiaferi- 
iils on sdctu-e for all lev ('Is of the 
school 

On the Science Talent -Search Scheme 
of this Di'pnrlment whicli aims to spot 
sci(‘nUfically talented stndents at an 
early stags' Dr, Rat has left the deepe.st 
impression. Many will rtancinher l)i, 
Rais role m the InU’rview RoanK, 
iir the orgaui/alion of teat papers and 
other matters, 

Apart from the, sc few projects nieii' 
tinned, there have hi’en several otheis 
in which he look keen interest anil 
carried the programmes to .sncn'ssftil 
levels. 

He has also served as a Member of 
the Board of Scientific Terminology 
Committee of the Ifinistry of Rduca- 
tion. Tills committee has brortghl orrt 
A cMsoJuhtcd fijomrif of tccMical 
tmn.<i in Hindi and Dr. Rar ht'lped 
the pliysics sirh-commitlcc of this 
Board, 

During recent years he has been tak- 
ing a keen interest in the production of 
.scienlific literature in Hindi. He him- 
.self has got abundant love for Hindi 
and his- great desire i.s to produce 
hooks in Hindi on scientific topic, s. 
Ills interc.st is not confined to physics. 


He is .1 kf('ii lover of nature and shows 
r'rt'at inteiest in birds and in flower, 
itig shiuhs and trees, He is also in- 
li'iesfi'd m the latest developments in 
hiohiUV His interests in physics and 
olh'-i Mient’i' Mihjeet.s rs very well re- 
Ihiteti in the ehoice of books he has 
in.ide fin the .scienee lihiaiy. 

As .11) individual Di. Rai Is intensely 
linman, He looks at evei-y pioblem in 
its right pi'ispeclive. He is very kind 
ami (iinsidi rate. He is always cheer- 
(id .mil li.is a keen .sense of humour, As 
.1 mattei 111 fiu-t, when .some, one asked 
linn how he keeps himself so fit, he 
remarked that the .sewet is due to the 
fact th.il lie doe.s- not worry over 
inalteis hut always faces them with a 
luich. Then' aii' vi'iy few who com- 
bine these qualities and academic dis- 
tinction. 

It is hoped that Dr. Rai would con- 
Imtie to .show intere,st in the progress 
of .Siienei' Hdneation and particularly 
in the work of the Department of Sci- 
ence Dthicalinn, Ili.s- fonner colleagues 
iue looking fonvard to act in coopera- 
tion with him in futnic. 

Finallv iicJiool Science wishes him 

f 

well in hi.s- wclbeanicd rest, We 
aui v(‘iy grateful for the guidance and 
help he Im.s given in tlic publication of 
tin, S’ journal and we look forward to 
useful eonlribiitioiis from him to this 
fonnml, 

,S, nORATSWAMI 



vouN'r: FOi-Ks conNEO 


133 


)loun^j0ihs cornet 

Roentgen’s X-Rnys 


C EVENTY-ONE years ago, in the 
^ months of January and Fcbnrary, 
1896, the newspapers and joumals 
carried the sensational news that it was 
possible to photograph the bones of a 
person’s hand and his other bones too 
without having to break the skin. The 
name of 52-ycar-old Wilhelm Conrad 
Roentgen, the discoverer of this new 
technique, was on everyone’s lips. 

The discovery of X-rays was more or 
less the result of an accident. Roentgen 
never made any secret of this. He 
was actually making some experiments 
into the properties of electricity in tubes 
that had been made as much a vacuum 

Fiom German News Weekly, Feb. 11, 1967 


as possible. He had covered a vacuum 
lube with black paper and had turned 
out the lights. He was jrassing an 
(-Iceliic current through the tube from 
the negative in the piositive pole 
when he noticed that something on his 
desk was glowing. This was a screen 
covered with barium plalinocyanide. 
lie went over to examine the screen 
and found that it continued to glow 
even if it was two metres away from 
the tube. 

Naturally, as he was moving the 
screen about his hand got between it 
and the source of the rays in the tube. 
Immediately he saw that the bones of 



his hands were visible on the screen. 
Of course this was very interesting, but 
he would have to know something 
about the properties of these rays be- 
fore he could see whether tliis dis- 
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c'av(*r>’ was nf rial jjiat-Ucal valdi' Ilf nl \cars- liad tn pass before it was dis- 
devoU'il all bis atlentioti to the study t-ovoifcl that X-rays ate m fact waves 
of tlu'sr lays and on the 23rd of pist like ladiovs’avrs lliongb of a much 
Jantian’, IS'Ifl y'avo tbf first public sluntcr fjciiufiic)’. 
tim* on the sidijcct at the t'nivfi.sily t)f basically Uio X-iay machine works 
Wiicr/bur)' in tbc south of Clciinany. like this; if two nitjlal U'lminals are 
Rudolf Kofllikcr, a vi'teian anatomist, sealed into a tube fiom which air has 
allowed his liand to be X-iayed and bci-ii lemovcd so that it is a near 
thfm the plate was developed. It was sacimm and then an ch'cUical current 
shown at the, end of the. leetme and is jiassed hi'tween these, hvo tenninals 
caused a stoiin of intiu’est. People lead the whole* tube, will fflorv with a rosy 
found tliat photographic iilates in the light as the chaige passes from the 
vicinity of vacimm tubes tlirougli which negatiie terminal to the positive one, 
electricity was being jiassed hater turn- If this How of ciinimt is directed at a 
ccl out to be (>\posi:d though tluw luul teiminal made of platinum or tungsten 
been well coveieil. However, Koent- a lay of great penetrating power will 
gen was the liist man to follow this be produeed. This is the. X-ray, This 
up. lie was the man who not only ray ean then penetrate matter, Tlie 
made the, ob.servations lint td.sn dii'W qiu'stion now natuially ari.scs as to why 
the right conelnsioiis*. llie rays go through skin and flesh but 

And this was Roenlgeirs seeiel. He not ihrongh hone. The, simple expla- 
always called In’s rays X-iays standing nation is Ihiit .skin and fle,sh arc com- 
for the nnknnwn. In fact, a luimbei pnsed of oxygen, hydiogcm and carbon, 
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And the atoms of ox}grn, liycluigon 
and carbon Inu’o only a few olcclroiis 
and protons in the case of ibo liydiogt-ii 
atom only one of eadi, Such atoms 
are less dense llian the atoms' of the 
substances that go to make up hone 
such as calcium and pliosplioious which 
have more protons and elections, That 
means there is more looni IjcLweeii 
them and that rays can pass tbrougli 
them more easily. The fact that Roen- 
tgen discovered this, thoiigli willuml 
understanding quite how it worked, 
was an accident, Snnihuly it was an 
accident that made it possible for 
Roentgen to cnlei academic life. For 
one leasoii or anothor ho failed to pass 
his school-leaving examination and 
theiefoie could not emol for universi- 
ty .studies. However, lie managed to 
go to Zurich in Switzerland where lie 
studied mechanical engineering at a 
Polytechnic. Later on he showed his 
talents and reached German Universi- 
ties, 

He 'was awarded a numbei of 
honours for his work on X-rays hut he 
refused to grow rich on them. lie 
prefeiied, as he put it, to observe the 
good tradition of Genrian professors 
that discoveries and inventions belong 



lici'iising arraugcmcnls and the like, 
liecomu Oio properly of single entei- 
prisc's lie also refused a title that he 
was oIRued, And when the day came 
for him to be awarded the first Nobel 
Prize for Physics be gave the money 
attached to the prize to needy chil- 
dren. lie died on 10th February, 
192.3. 




Un<;sr() Pilot Project in 
Appumchca to Tenchin!X in 
Africa 


International Working Group 
(September 1967-Feb. 1968) 

TN Scptcnil)LT 1967, Lliu IWG assom- 
bled al Univeisity College, Cape 
Coast, Gliaiia. Work began with a con- 
sideration of a draft syllabus foi junioi 
biology, lliat is, Uio first two or tlirtv; 
years of seeoudaiy cabiealion. Plans 
were also fommlaled for the production 
of teacher guides for specific lop'es in 
years 3-5 in secondaiy biology courses. 
A.t about the same time hvo trial exer- 
cises were iierfoiTned, one involving 
colonisation of disturbed ground by a 
weed, the other involving succession in 
a freshwater environment. During this 
introductory period die Group received 


f onsitlei.ible advice fiom Mr. W, H, 
nowrlesuell of the Nulficld Biology 
Piiijeet. M’nik was staited on section 
of Junior Biology. 

Piofessor .Sa/ouov.i (of U.S.S.R.) join- 
ed the Gioup <Mil\ in November and 
stayed for two numth.s, During hei 
visit, nuieh of thi‘ pielimiuaiy woik on 
in erobiology and pauisitology was com 
pleted, 1 loth for Junior Biology and 
the 'I’eaelier’s Guide. At about the same 
lime, diafl ehapteis on leproduction and 
nntution wcie completed for Jnuior Bio- 
logy, Ml J, Hall and Di. L, Cole, both 
ul llie Ihiiveisity ril Ghana, visited the 
Gmup and helped in forest ecology, 
i’aitly as a lesnll of tlieii visit, chapters 
on ciiviKiiimeiit foi Jniiioi Biology were 
dial ted in longli. 

During l)i. Sa/niuiva’s visit, a trip 
was made to the Institute of Health and 
Medical Rcseaieh, Accra, and studies 
were tiiacle on malaria and schistoso- 
miasis- as well as other diseases. Mr. 
Talhalla (from ihi' Sudan) then anived 
and during liis stay with the Group dis- 
cussions weie lield on the integration of 
Junior Biology with General Science, 
'Phis lesnllcd in a revised syllabus for 
Junior Biology, copies of which were 
.sent to .Study Gionps in January 1968. 
The Volta Dam was visited in Novem- 
liei. During this liip the Group leceiv- 
ed help from Professors D. W. Ewer 
and Law.son, both of the University of 
Gliana. Other members of staff of the 
University of Ghana also participated 
and introduced the members of IWG 
to the studies of new lake ecology. 

Towards the end of Decembei, most 
of the Group moved to Fourah Bay 
College, Freetown, Sieira Leone. 
Mr K. Goldberger and Mr. Coo joined 
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the gioup about this timo, both arc film 
specialists. While at Ficclown two film 
loops weie initiated: one of life hisloiy 
of the citius swallowtail bntteilly, the 
other on mangrove .swam]is. I’l.ms were, 
made for other film loops. The (Iroup 
returned to Cape Coa.st m (‘arly 
January. 

At the lime of writing (end of Fehni- 
aiy, 1968) work proceeds on revising 
the chapters of Junior Biology in the 
light of the new syllabus, and drafting 
the new chapters. The, airangeniciits 
are made to publish the fii.st experi- 
mental version of this inalciial, in the, 
form of 12 hooklel.s, possibly with a 
teacher’s guide. One leaeher’.s guide 
for Senior Biology (in school niicio- 
biology) is in the final stage* of pie- 
paration, Dr, Bintn, specialist ui prog- 
rammed learning, joined the Oimip in 
mid-January, lie started lectures in 
programmed learning and is preparing 
three programmed student, s* hooklebs' 
with the corresponding teacher’s guide. 
Owing to the extension of contract.s for 
both film speciali.sl.s- more film loops 
are planned, 

Since the Group commenced oiocra- 
tions in September, further participants 
have joined us and the following coun- 
tries are now represented Botswans, 
Ethiopia, Ghana, Kenya, Lesotlro, Ma- 
lawi, Nigeria, Somalia, Sudan, Tanrai- 
nia, Uganda and U.A.R. 

An Insecticide From Waste 
Paper 

A FEW years ago Professor C. M, 

Williams of Flarvarcl University 
followed up) a chance observation, and 
discovered that American newspapers 
and certain other paper products inhi- 


bit tilt* nonnal growth and develop- 
nicnt of the* eggs and tire mature stages 
of a plant-eating bug, Fynhocoiis 

(ipU’l U.V. 

Th<‘ rca.son for this was .subsequently 
found to lie that .some li ecs used in iho 
maiuifaclure of piapcr, especially the fir 
tree (Ab(V;,s haharnea) produced a subs- 
laiu'c, provisionally named the “paper 
factor” which acted on the insect in lire 
.same way as its own “juvenile hor- 
mone,” 

Tho normal effect of this hormone is 
lo pnevent the premature aprprearance of 
•sucli adult features as wings and lepno- 
(Inclivc organs in developing insects, 
and its production stops when they are 
ready to become mature. If, however, 
they arc then exposed to this ‘‘paper fac- 
tor,” it comprlelcly upsets their transition 
to nialuiily, and though possibly moult- 
ing once or twice more, these insects 
never become able to reproduce. 

Now Profc.ssor Williams and Profes- 
sor K. N. Saxena, of Delhi University, 
have found that the “paper factor” is 
also effective against a plantbug which 
is a considerable pest of cotton in India 
—the Red Cotton Bug, Dtjsdercus koe- 
nigii. This bug is a relative of P. apte- 
rus, and belongs to a genus of insects 
known as “Cotton Stainers” from their 
habit of piercing tire cotton bolls and 
contaminating them witli a fungus 
which stains tho fibres. 

In their- c.xpenmenls, Williams and 
Saxena used an extract of American 
paper towels, and found that this inhi- 
bited the bug’s development, stopping 
the fonnation of adult features, and pre- 
venting the shedding of the old cuticle 
after moulting (Nature, Vol. 210, p. 
440). 
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'rlu'M* \Miikris point out that, allliougli 
thifr !>- not \i t a itraetiral proposition ns 
uii losu'tit |{]i', the starling malonalv— 
Aiiiciitan iii'\vspap<‘i s and oilier pajnT 
jiroclncts- aio availalilc in India in 
viituails iinlniiitMl tpiantilirs'. 

If a moil* liudily pniilird picpaiation 
ol "paper t.ietoi" ean lie piodueed. there 
are prosper Is ot tonlrolliiig this pest 
selectively The prnspei'ts aie partieu- 
larly good heeaiise the iiiseets are un- 
liki’ly to be able to I'volve any n'sistance 
to it. This method of contiol would 
Ihus iU'oid one of the mam diawbaeks 
found in recent years to be involved in 
chemical control of insect pests. 

I rom MW S( iiMisi, tO June 

Food From Natural Gas 
p'' OK some years, lesearch has been 
going on into the possibility of 
inantifaclnririg liunian nr ariiinal foocb 
slulfs' (‘csniornically from petrokiinn. 
The Hriti.sh Pelroleinn’s effort to obtain 
protein while disposing of relatively 
useless waxes has been described by 
Alfic'cl Cliampagnat and D.A.B. 
Llewelyn (“Protein from petroleum”, 
Now ScieiiUst, Vol. 16 p. 612), The 
latest reports from this work were that 
large stocks of artificial protein were 
being built up to be used in feeding 
tests on many generations of animals, 
Esso Research and Engineering, in Iho 
United Statc,s', have been working along 
the same linos, and have reached a 
similar stage. 

Meanwhile, the petroleum situa- 
tion has changed with the emerg- 
ence of natural gas as a plentiful raw 
material. And last week Shell an- 
nounced that it had been exploring 
the conversion into protein of the 


lightest pt'lmlcum product of all 
methane. British Petroleum have also 
hern wniking on this x’loblem, but for 
a rather shoiter lime -- a little over a 
\ear - and have not yet released any 
piogiess lepmts. 

It need cause no surprise that some 
Sint nf x’lotein is available from me- 
thane, Indeed, it is sometimes said that 
iheie is hardly a material known of 
wliich .some micro-organism cannot 
make good use, \\'hlle sonic bacteria 
are totally dependent on a complex 
host eiivnoninciil, othcis have a built- 
in adaptability which (‘iiahles a single 
.sfiecKss to use* any one of over a 
hnndrcd allciiialive organic compounds 
as its sole souice of carbon. Many of 
them derive their energy by oxidizing, 
instead of eaihon compounds, inorganic 
maleiiuls such as sulphur, hydrogen and 
enmlmu'd iion, Lord Rothschild, 
annmmcing the work on methane con- 
version bust week, said that there was 
one hueterinm that lived exclusively on 
the iiestieide DiL'ldrin, 

Having found an organism which 
can metabolize methane (or whatever 
other mateiial, looks as if it might be 
cheax) enough to constitute a com- 
mercial prop<’silion) the problems are 
to develop a good extraction process 
and to e,stahlish that the organism 
conslitute.s’ a safe and useful food, 

I’lio original British Peholeiim pro- 
gramme is proving a protracted one, 
Tlie business of extraction from the 
waxy substrate reexuires a consider- 
able research effort: and a great deal 
of time is being devoted to nutritional 
tests with many generations of animals 
(see also “Notes and Comments”, Vol. 
21 p. 67). The company is apparently 
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still not prepared to make any predic- 
tions as to the economics of the process. 

The Shell research, bciiiK carried out 
at the Mrlsteacl lahoratoric.s rn Kent by 
Dr. J.R. Norr-is and Dr. D.W. Ribbmrs, 

IS in a far younger .stage. A few thoir- 
sand pounds have been .spent cm it. 
and only enough protein has been pro- 
duced for small-scale laboratory le.sls 
on such animals as rats. Rut at least 
the extraction stage appears to be (prite 
trouble-free. 

The Shell scientists arc rising a iiuiii- 
ber of quite dissimilar bacteria, as yet 
unnamed, all unrelated to the ^ret- 
roleum-wax varieties. Indeed, rnethane- 
eaters show no interest in even the 
next lightest member ot tlu' paraffin 
series, ethane. The baclciia were bred 
and purified from extracts taken from 
a number of natural source.s', including 
lake water and the soil of oil-bearing 
regions. Much of these first two years 
was taken up by studie.s of their 
biochemistry. 

The conversion procession consists 
essentially in bringing a suspension of 
the bacteria in water into contact with 
methane gas. Ammonium nitrate is 
satisfactory as a souicc of tiro essential 
nitrogen, and some solids are also 
needed. The becterium feed.s and mul- 
tiplies , and is extracted from the 
aqueous solution cenlrifugally. The 
chief by-products tire carbon dioxide 
and water, and llie, others au*. all ai)- 
parently watei-soluble. 

It is estimated that a ton of bacterial 
protein might be obtained from tlnee 
tons of methane in this way. It .should 
be remembered that the bacteria con- 
sist of all classes of organic material — 
protein constitutes rather less than half 


tlieii diy weight. 

As to the value ot the bacteria as 
fund, it li.is so far hemi established that 
they seem to be non-loxie (the experi- 
meiileis, as well as their laboratory 
lats. base eaten them svitli impumly). 
The balaiK'e of amino acids and the 
vitaiuin eoiiteiit have not been publi.sh- 
ed, but one of the lesearcheis lia.s 
ha/arded the guess that an animal 
might be able to h\e on the bacteria 
exclnsnely. This guess is academic, 
ol comse, tor the aim of all such work 
is to piodnee a soiiiee of liigh-piotein 
(ood which can be used to supplement 
a eheapei but defieienl traditional diet, 
The next step is to verify in piaetice 
llusse hopeful piedictioiis'^of mitrilional 
adeipiacy - a stage which, if the BP 
progiaiiimt' is anything to go by, can 
lake a long time. 

lake BP, .Siiell is miprepaied to make 
any pioiiouneenieiil.s on llu' economics 
ot the situation, fraught as it is with 
the eonqrlexities of dietetics and inlei- 
iiatioiial finance and tlie .shifting rela- 
tive pi ices of different fosssil fuels. For 
the momenl it is enough to say that a 
.small stake has been laid on a line of 
research thal offers high prives at un- 
known odds. 

l-roni Niw srii Nusi - 30, No, 500, June 1966 

'romaloes Are Thin-.skinned 

rTTOUDII eili/ens devour fre.s1i loina- 
^ toes whole, skin and all, but this, 
ol course, is not good euemgh for the 
euiiiiiiig industry or lor the fastidion.s 
liousewifu making her own soups, juices 
and relishes. The tomato’,s skin, though 
thin, is extremely adhesive, and its 
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rfniOMil jKiMs timlr .1 st'ifiihfic* 
l>rublcn). 

'llu'if ,ii(' \anons \v.i\s of skimiiiii^ 

.1 tonralfi imi* way is In luli tlif .sinfact* 
«ith tile bank of a knitc ami tlmu tn 
St alp il; aiinthni iiu'lhnd i,s tn iimimrsf 
tlif Itiiualniss ill boiling water, diaiti 
ilitati ami .skin tlii-in; :i tliinl iiicllinil i,s 
tn plaee tbe tninatn nu a bnk and lieat 
it iiiitil the .skin cranks. 

.\11 these techiiitpies base the dis* 
advuntage.s nf taking tiinc and nf being 
einel tn the tninatn, which retaliate.s by 
nnt enining np tn the staiidard.s .set by 
the United .States Institute nf Slandaids 
fnr the grading nl canned loinatncss. 

.Scienti.sts nl the Vnlcani Institute for 
Agriciullnral Uesearch Department of 
Fond Storage and Teclmnlngy, B, Jiiven, 
'Z, Sami-sh, K. Ludin and S. Zaliavi, 
have taken the tomato in hand, and 
have, tested vartou.s methods ot peeling 
it, while maintaining the natural ailnur 
and finniu'ss of the fiuit requited by 
indiisliy, 

lliey lias'e conipaied .such methods 
as steaming the Inmaloes and then 
peeling them; dipping them into an 
10 per cent cold lye solution (NaOII) 
followed by steaming nr immeising in 
hot water; or dipping them into hot 
lye solution. 

The elTieiency of the lyc peeling was 
found to depend on the eoneenlrution 
and the tcmperaliue of the lyc solution, 
on the time of dipiiing and on whether 
the fruit wa.s ripe or not. Results show- 
ed that the best method was clipping 
in hot lye (^-95°C) for 20-25 seconds. 
This provided the easiest way of peeling, 
as well as the highest quality of peeled 
tomato and the minimal peeling losses. 

When 0,2 per cent detergent was 


added to tlic he. thus impiovcd the 
peeling innecss signilicantly, reducing 
peeling Inssc.s by nioic than 40 per cent 
■\\illumt nlh'ctmg the natural colour 
and fiimiii’ss of the finit. The effici- 
c-iiey ul the dcteigenls tested in the lye 
])('elmg was not propoitional to their 
elb-a on the Miilaei* tension of the 
NaOII sidntion. 

Blue Green Algae Help the 
Rice Crop 

rpHK plants and baeteiia which fix 

nitrogen, that is, absorb this valu- 
aide element fioin the air and make 
iiilrogenoiis compounds from il, arc 
sital to the whole life cycle on earth, 

.N'iliogeiunis compounds are scarce, 
and industiy has had to supplement 
the elbnts of the niliogcn-lixing organ- 
isms liy aitificial miums, but tbe natural 
iiiltogeii lixers still loinain the most 
iinporUml. The best known of them 
;ire tbe bacteria, .such as Azolobncteria 
winch live in nodule.s on tire roots ol 
leguminous plants, a xmifnenslrip from 
which both sides benefit, But there is 
now a growing ninoiint of evidence 
that a group of very tiny plants called 
the blue-green algae also play an im- 
portant part in nitrogen fixing in 
nature, they may even be as important 
as lire bacteria, 

Blue-grceu algae are common on 
.sheets of I'rcssh water and are found 
forming dense masses along the mar- 
gins of the sou in some temperate 
regton.s. They arc also often found on 
the surface of wet soil, but only on 
the surface, since like other plants 
they are dependent on daylight for their 
growth, Their blue-green pigment 
traps light for energy as tbe cblorophyll 
does in green plants. 
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The algae are particularly common 
in paddy field, and within the last few 
years it has been icalised that they aro 
responsible for fixing and supplying 
much of the nitiogen needed by rice 
plants in the form of nitrates. In tlii.s 
way they are vital in providing food 
for moie than half the woild’.s popula- 
tion, The next logical step is to I17 to 
improve crop production, in piarliculai 
paddy by adding aitiflcially giown cul- 
tures of blue-green algae to the field.s. 
Professor Watanabe, in Japan, lia-S cai- 
ried out some yiilot experiments in 
which large cuUiire.s of blue-giccn 
algae were added to rice ciopis, result- 
ing in a definite impiovcmenl in the 
nitrogen content of the crop and in its 
overall yield. At present ibis is not an 
economic process because of the high 
cost of culturing the algae, 

Researchcis under Professor Tony 
Fogg of the Depaitinent of Botany at 
the Westfield College in North London 
are thinking of culturing algae on a 
much laiger scale than has been at- 
tempted so far. One idea is to grow the 
algae in huge vats on large open lakes. 

Mr, W. Stewart of Westfield College 
has been investigating the possible use 
of blue-green algae in another agricul- 
tural role and has had encouraging 
results. His idea is that it may be 
possible to use blue-gieen algae to 
colonise barren arid soils, and so help 
to solve the world shortage of agricul- 
tuial land, Blue-giecn algao arc natural 
plant pioneeis. They are very often 
the first plants to appear on arid soils. 
They are able to form a gelatinous mat, 
which helps to stabilise loose sand 
grains on the surface of the soil, by 
gluing them together, and they im- 


mediately .start to improve the nitrogen 
content of the soil and so make it possi- 
bk' for other plants to settle, with root 
systems whieh hold the sand togethei' 
more effectively and prevent erosion. 
The pro.speets for using blue-gieen 
algae as soil colonisers in this way are 
good, providing the culture cost hai- 
rier can be broken. 

Tlu're may be a third agricultural 
use for blue-green algae, that is as a 
source of chemical extracts to en- 
courage seed grosvth. Experiments in 
India and at Westfield College have 
.shown that algal extracts used to treat 
paddy seeds make the paddy grow faster 
and develop more. They increase the 
yield of the future paddy plant and raise 
the protein content of the grain. No 
one is quite sure which element it is 
in the algal extract whieh is responsible. 
It may be nitrogenous compounds 01 
plant hormones, or both. Other sub- 
stances may be involved. But there is 
some natural biological relationship be- 
tw'cen algal compounds and rice growth, 
wliicb it has now been shown, can be 
duplicated and artificially enhanced to 
inipirove pioduction of the world’s most 
important crop. 

Blue-green algae are frequently the 
first plants to colonise arid soils. They 
stabilise loose sand and enridi the soil 
with nitrates, making it possible for 
other plants to got a foothold. The 
algae may have been one of the first 
organisms to colonise the land surface 
of the Eaith, million of years ago. 

In India too, a lot of work has been 
done and is being done on the useful- 
ness of the blue-green algae in agri- 
culture at Madras and Banaras Uni- 
versities and in the I.A.R.I., New Delhi, 
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h /iliidenly were asked lo solvt 

Ihe rrahJcmx oiiJ send iheir solulions before I 

I ‘ deem II, at 

^en, c:rnX,iZ "‘ * 

t fi/arfunaiely, there has not been mich 

‘if me fnim sindmt. Only a few problems 

and submitted. In i ifH' of this and the fad dial 
xaliiiiimr /wve not been sent within the period 
mentioned, it hits been decided not la award ms 
prtse, ' 


The mimes of perrons, who send soluiiom lo 
"III less than 50 per cent of the problems, 
win he pithliihed in the subsequent Issue, 


EBnoj 


pliU'i'cl hy a lar(j;iT mimbcr, but it can 
b(‘ replaced by .smaller ones. Can you 
say wbicb t)iie.s ?) 

SS38 


Problems 36 to 45 
SS36 


A fly sat down at a vertex of a regular 
oclalicdrcm (Figure 2) and decided to 
visit vertices wnlking along its edges in 
such a way as lo pass by each edge ex- 
aetly once, and return to the starting 
point. Having done so, it tried again on 
a rhombic dodecahedron (Figure 1). Can 
you say whether tire trial was success- 
ful? 


ShoNv that 3 >““+4 »» is divisible by 
13, 49, 181 and 379, and is not divisible 
either by 5 or hy 11. 

SS37 

Divide a triangle into 19 triangles in 
such a way that at each vertex of the 
newly formed figure (and also at the 
vertices of the original triangle) the 
Same number of sides meet. (In this 
problem the number 19 cannot be re- 
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5539 

Cities A,B,C,D, lie at the corners of 
a square with sides of lOOKm. We have 
to so plan the railway lines that each 
city is joined with each of the remain- 
ing cities (junction stations other than 
cities A,B,C,D, are iiermitlcd), and the 
total lengtli of the lines has to he mini- 
mized. How would you plan tlic rail- 
way lines, and what would be the total 
length of tlie railway lines? 

5540 

We have 5 objects all of which have 
different weights, and we wish to 
arrange them in a sequence of decreas- 
ing weights. We possess a balance, 
without a set of weights, on which we 
can compare tlie objects pair-wise. How 
must wc proceed in order to arrange the 
objects in the fa.stest possible manner 
(that is, by using the minimum number 
of comparisons)? 

5541 

A rectangular card ABCD is folded 
through one vertex A so that the remain- 
ing vertices B,C and D all fall on a side, 
thus forming three triangles with areas 


in aritlimelic progresston. If the area of 
the smallest triangle is 15 sq. cm., what 
is the area of the largest? 


c OB 



Fig. 3 


SS42 

Tlirce segments 3, 4 and 5 cm. long, 
one from each vertex of an equilateral 
triangle, meet at an interior point. How 
long is the sido of the triangle? 



SS43 

What is the curve of minimum length 
which bisects the area of an equilateral 
triangle? 



US 
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.SS44 

The miinbcr 3 can be expressed as a 
sum of enc nr more positive integers in 
four ways, namely as 3, 14-2, 24-1, and 
1 « 1 i I. Show that any positive integer 
I) can be so expressed in 2"'i ways, 

SS45 

Show that an)' peifect square wliicli 
1ms two or inori' digits (in the scale of 
10) contains at least two distinct digits, 


ELEMENTS OF MECHANICAL ENGINEERING 

A Textbook for Technical Schools 

by 

S, K. Basu 


Crown quarto, pp Ix-i-sz, fW7 


Rt, 3.20 


Introductory book for students of secondary schools, specialized technical 
schools, and those at the earlier stages of the polytechnic course. 
Designed to develop in the young reader an understanding of the basic 
principles of mechanical engineering the book discusses the application 
of these principles in relation to actual human needs. 

Available from : 

Bushess, Manager Publication Unit 
National Council of Educational Research and Training 
71/1 Najafgarh Road, New Delhi 15 
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■pv URING the period 1963-67, the 
University Grants Commission in 
collaboration with the National Coun- 
cil of Educational Research and Train- 
ing and United States Agency for 


Sninmpr Science Institutes 

( 1963 - 67 ) 


Tnl(‘i national Development oiganised 
at vaiimis uiversities 172 summer 
institutes in science and mathematics 
for teachers from high/higher second- 
aiy schools/PUC/inleiTOcdiate colleges 
attended by 6680 teachers in mathe- 
matics, xihysics, chemistry and biology, 
The number of institutes held during 
this period and the enrolment at the 
institutes arc given below; 





No. of pat ticipanl.\ 


. - '/ / J t /I / /I / 






ivnn lyu. t/j 

Year 

Mathematic!. 

PhyikH 

Clieniiiky 

Biology 

Institutes 

1963 

340)* 

43(1) 

38(1) 

39(1) 

4 

1964 

169(4) 

170(4) 

148(4) 

153(4) 

16 

1965 

616(16) 

488(13) 

464(13) 

261(7) 

49 

1966 

490(12) 

468(12) 

410(11) 

308(8) 

43 

1967 

747(15) 

572(16) 

580(16) 

482(13) 

60 

Total 

2,056 

1,741 

1,640 

1,243 

172 


^Figures m parentheses indicate the number ol institutes subject-wise, 
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?UX»I. M ttsci I'WS 


I !i' ffilji! nnniJxr f»f Ann'iif.iit n>iv 
Ms't.Hit uilh thf lU’Uile'iinr 

pniuonisiif' (if till' iiistitiitrs w.m 2‘/7. 
f(ir I'JftH 

lu th<* Mimim r df it js ptiiixtsc^l 

III (srg.Hii'tr Tif} MminuT iii'.lituti's as 
fttllllvv 


BkiId^v 12 

nin'inistty 15 

MafhniMtus I 4 

I’hvsirs 15 

TtJtal 56 


Location and Duration 

The iiicatum and duratiun nC the 56 summer instilutos l« be held during 1968 are 
given bchnv : 

LOCATION AND DCRAIION OL Sl'MMLR INSTITUTES 


A7, L/nvcwiVv 
■Yd, 

Institute 

ilatiw 

Ret; inns ancnnl 
hv the Institute 

Director 

BIOLOGY 

t ASTtRN /flNI, 

L Ranchi University, 

3 Junc- 

Bihai, Assam, 

Prof. K.C. Bose , Head 

Ranchi. 

13 July 

Manipur, Naga- 
land, Tripura 
and NEl-'A 

of thcDcptt. of Zoology, 
Ranchi University. 

2, Ulkiil University, 

13 May- 

West Bengal 

Ur. (Mrs.) G.R. Ghosh, 

(Regional College of 
Education, Bhubaneswar) 

22 June 

and Orissa 

Reader, Deptt. of Bo- 
tany, Regional College 
of Education, Bhubane- 
swar. 

NORTUI.RN ZONi: 

3. Agra University, 

27 May- 

Haryana, Punjab 

Prof. C.P. Singh, Head 

(Agra College, Agra) 

6 July 

and Western U.P. 

oftheDeptt. of Zoology, 
Agra College, Agra. 

4. Delhi University, 

3 June- 

Delhi and 

Prof. B R. Seshachar, 

Delhi, 

13 July 

J. and K. 

Head of the Deptt. of 
Zoology, Delhi Univer- 
sity. 

5. Gorakhpur Univer.sity, 
Gorakhpur. 

f) May- 
15 June 

Eastern U.P. 

Prof. H.S. Chaudhaiy, 
Head of the Deptt. of 
Zoology, Gorakhpur, 
Univer.sity 

WCSTrRN ZONr, 

6 Gujarat University 

6 May- 

Gujarat and 

Dr, M.S. Dubale, Head 

Ahmedabad. 

15 June 

Rajasthan 

of the Deptt. of Zoology, 
University School of Sc. 
Ahmedabad. 
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7. Marathwada University, 
Aurangabad 

8. Poona University, 

Poona. 


29 April- Madhya Pradesh 
8 June 


6 May- Maharashtra 
15 June and Goa 


Pi of. K.B Deshpande. 
Head of the Deptt. of 
Botany, Marathwada 
University. 

Di. T.S Mahabale, 
Head of the Deptt of 
Botany, Poona Univer- 
sity 


SOUTHERN ZONE 


9. 

Annamalai University, 

20 April- Kerala 


Annamalainagar 

8 June 

10 

Bangalore University 

20 April- Mysore 


(Central College, 
Bangaloie 

8 June 

11 

Madias University, 

20 April- Madras 


(Madras Christian 
College, Madras). 

8 June 

12 

Osmania Umvcisity, 

20 April- Andhra 


Hyderabad. 

8 June 


CHEMISTRY 

EASTERN ZONE 

13. Jadavpur University, 

29 Apnl- 

West Bengal 

Calcutta-32 

8 June 

and Orissa 

14 Patna University, 

13 May- 

Bihar, Assam, 

Patna. 

22 June 

Nagaland, NEFA, 

15. Utkal University, 

13 May- 

Manipur and 
Tripura 

Science Methods 

(Regional College of 

22 June 

of Teachers of 

Education, 


Training College 

Bhubaneshwar) 


in Eastern Zone 

NORTHERN ZONE 

16. Banaras Hindu 

13 May- 

Eastern U.P, 

University, Varanasi. 

22 June 


17. Lucknow University, 

6 May- 

Delhi and 

Lucknow. 

15 June 

Western U.P. 


Dr. K. R. Ayyangar, 
Head of the Deptt of 
Botany, Annamalai 
University 

Dr. M. Nagaraj, Deptt. 
of Botany Central 
College, Bangaloie 
Di. P.J Sanjeeva Raj, 
Deptt. of Zoology, 
Madras Christian Col- 
lege Madias. 

Prof. M R. Suxena, 
Head of the Deptt. of 
Botany, Osinania Uni- 
versity 


Di. A Chakiaborty, 
Deptt. of Chemistry, 
Jadavpur University. 
Prof. J.N Chatterjea, 
Head of the Deptt. of 
Chemistry, Patna Uni- 
versity. 

Dr. A.N Bose, Head 
of the Deptt. of Che- 
mistry, Regional Col- 
lege of Education, 
Bhubaneswar. 


Dr. B.M. Shukla, of 
Reader, Deptt. of Che- 
mistry, Banaras Hindu 
University 

Prof A.B Sen, Head of 
the Deptt. of Chemistry 
Lucknow University. 
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'Ar'tf P’. /'iM 

r* c HirsJ.ti 1 


.'aipiir 


t H.iin 

Rci'i’tii.il c iilloi:c <il 
iAiui'.tlhtn. ■\|mei 


sm llltHN /tIM 

23. Atuihr.t (JiuvL'isily. 
W.iluir. 

24. Annaimliii UniverMly, 
Annamalamug.ir, 


25. Hangiloic Univcisity 
{Central College, 
Bangalore.) 

26 Osinania University, 
Hyderabad. 


27. Mysoie University, 
of Hducalion, 
Mysore. 

(Regional College) 
MATHEMATICS 

liASltRN /.ONI. 

28. Calcutta University, 
Calcutta. 


». May - 

Pu’iuib li.u ',,1.1.1. 

Plot BR Puri, Deptt, 

1 'i .1 «n',‘ 

lli'.ii.Ko.d Pr.ide'-h 
.nid ,1 .ind K 

of Chemistry, Punjab 

1 niveisity, 

si.is - 

( iiii.ii.it. 

Piol. A.M. Tiivcdi, 

I J unv 

M.iiut.o.hlr.i 
anil ( ro.i 

Deptt. of Chemistry 
School of Sciences, 
Ahined.ihad. 

2') Apiil- 
8 June 

Rai.i'th.ui 

Pi of. UC Mehrotra 
Head of Ihc Deptt of 
t hemistiy. Rajasthan 
I'niveisilv 

13 M.iy- 

.M.idin.i 

Prof W' V Bhagwat, 

22 June 

Pr.ide*,!) 

School of Studies in 
Chemistiy, U||ain 

n M.is- 

1 oi leachei's 

Di. P D Bhatnagar, 

22 June 

lioin Iiainmi'. 
Colleges in ilie 
/one 

Rcadei , Deptt of 
t hemisliy. Regional 

College of Education 
A line I 


20 May- Andhra 
2'J .In no 

20 April- Madras and 
8 June South Ker.da 


29 April- Mysore and 
8 June North Kerala 

13 May- Sequential 
22 June 


29 April- Teaehcis IVuin 
8 June Training Colleges 
in the /.one 


Prof. M. N, Sastri, 
Deptl. of Chemistry, 
Andhra University. 

Dr, K. Ganpathy, 
Reader, Department of 
(.‘hemisliy, Annamalai 
University. 

Prof. M. Shadakshar- 
.swamy, Principal Cen- 
tral College Bangalore 
Prof V.R. Srinivasan, 
Deptt. of Chemistry, 
University College of 
Science, Hyderabad. 
Shii S.R. Rao, Reader, 
Deptt. of Chemistry, 
Regional College of 
Education, Mysoie. 


13 May- West Bengal, Prof S.K. Chakravarti, 

22 June Assam, Nagaland, Plead of the Deptt. of 

NEFA, Manipur, Mathematics, Calcutta 

and Tripura University. 
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29. Jadavpui Umvcisity. 29 A.piil 

Calcutla-32 H June 


NORTHERN ZONf 


30. 

Allahabad Univcnsity, 

13 May- 


Allahabad 

22 June 

31. 

Delhi Univcisity, 

20 Miiy- 


(Ramjas College, 

Delhi) 

29 June 

32 

Kanpur University, 

13 May- 


Kanpur. 

22 June 

33. 

Kmuksetra University, 

13 May- 


Kurukshetia 

22 June 

WhSTLRN ZONI’ 


34 

Maiathwada University, 

29 April- 


Aurangabad. 

8 June 

35. 

Nagpur University, 

29 Apni- 


Nagpur 

8 June 

36. 

Poona University, 

22 April- 


Poona. 

1 June 

37, 

Sardar Patel University, 

6 May- 


Vailabh Vidyanagar 

15 June 

38. 

Rajasthan University, 

20 May- 


Jaipur 

29 June 

SOUTIIIIRN ZONE 


39 

Bangalore University, 

29 April- 


(Central College, 
Bangalore.) 

8 June 

40. 

Madras Institute of 

22 April- 


Technology, Madras 

1 June 


Bihar and Dr. D.K. Sinha, Reader 

^^•"issa Deplt. of Mathematics, 

Jadavpur University. 


Eastern IJ.P. Prof. R, S. Mishra, 

Deptt. of Mathematics, 
Allahabad University 

Uelhi Piincipal PD. Gupta, 

Ramjas College, Delhi. 

Western U.P. Prof. S P. Nigam, Head 
of the Deptt. of Mathe- 
matics, D.A.V. College, 
Kanpur. 

Haryana, Punjab Dr. C. Mohan, Reader 

Himachal Pradesh Deplt of Mathematics, 

and J. and K. Kurukshetra University 


Maharashtra Principal, A N. Chi- 

khalikar, Devagin Col- 
lege, Aurangabad. 

Madhya Pradesh Dr. B.S. Fadnis, Head 

of the Deptt. of Mathe- 
matics, Nagpur Univer- 
sity. 

Teachers from Prof. V S Huzurbazar, 

Poona Schools Head of the Deptt. of 

and Goa Mathematics and Statis- 

tics, Poona University 

Gujarat Dr. B S Yadav, Deptt. 

of Maths Sardar Patel 
University. 

Rajasthan Prof G. C Patni, H.D. 

of Maths, Rajasthan 
University. 


Mysoj c and Prof. F. J. Noronha, 

Kerala Head of the Deptt of 

Mathematics, Central 
College, Bangalore. 

Madras Prof Surya Prakash, 

Deptt of Mathematics, 
Madras Institute of 
Technology, Madras. 



im 


UlOfil M IJ M I HM I'^S 


41, fKni.rii 1 I iiruT !S‘<. h Ma>- 'Vmilua Pi.uk'sh Di, Af/al Ahmad 

Reader, Department of 
Matlieniatics,, Osmania 
L’nivcrsity 

PHYSICS 

i AS1tS\ ('(»%} 

42, Ci,uih.Ut I tuvoMU. 14 May- \wm, I'npura, Piol, H Goswami, 

CiaHh.tli, .Id.fuiie N! 1-A. N.ip.ilaiul Deptt. of Physics, 

.iiul Manipui C'ollnn College Gauhati 

44 Jadavpiii rnncrsily. 2d Apiil- Hiliar. Oti.ssa I>r B. Bhattacharya, 

CakutlaA2 KJunc and West Bengal Reader, Depth of 

fMiysies, Jadavpur Uni- 
versity, 


NfiRrmnN /tiNt 


44. Agra Univei'-itv, 

Agra, 

1.4 May- 
22 .func 

Western U.P 

Prof D.R. Khandelwal, 
Head of the Department 
of Physics, Agra Col- 
lege, Agra. 

45, Puniab University, 

29 May- 

Punjab, J and K 

I)i, B C. Pandey, Depth 

Chandigarh, 

6 July 

Hunaelul Pradesh 
Haryana and Delhi 

of Physics, Punjab Uni- 
versity, 

46, Banaras Hindu 
Univcr.sity, 

Varanasi, 

1.4 May- 
22 June 

Pastern U P, 

Dr. G.K. Das, Deptt, 
of Physic.s, Banaras 
Hindu University, 

WI.Sn-.RN /C)M, 

47. Gujarat University, 
Alunedabad. 

6 May- 
1 5 Juno 

Rajasthan 

Prof. P.D. Pathak, Head 
of the Deptt. of Physics, 
University School of Sc. 
Ahmcdabad 

48. Sardar Patel University, 
Vallabh Vidyanagai. 

1 May- 
H June 

Gujarat 

Prof. A.R. Patel, Head 
of the Department of 
Physics, Sardar Patel 
University. 

49, Shivaji University, 

13 May- 

Maharashtra 

Prof. V.S. Patankar, 

Kolhapur. 

22 June 

and Goa 

Head of the Depart- 
ment of Physics, Shivaji 
University. 

50. Saugar University, 

Sagnr. 

6 May- 
15 June 

Madhya Pradc.sh 

Dr. J. D. Ranade, 
Reader, Deptt. of 
Physics, Saugar Uni- 
versity 

51. Udaipur University, 
Udaipur, 

13 May- 
22 June 

Sequential 

Prof. J. Verma, Head 
of the Deptt. of Physics, 
M.B. College, Udaipur. 
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SOUTHERN ZONE 

52. Andhra University, 
Waltair. 

53, Annamalai University, 
Annamajainagar. 


54 Bangalore University, 
(Central College, 
Bangalore) 

55. Kerala University, 
Alwaye-4 


56. Mysore University, 
(Regional College, of 
Education, My.sorej 


13 May- Andhra 
22 June 

22 April- Madr,is 
31 May 


6 May- Mysore 
15 June 


22 April- Kerala 
1 June 


I May- Tcacher.s from 
11 June Tiaining Colleges 

in the Zone 


Prof, T, Thirvenganna 
Rao, Deptt. of Physics, 
Andhra University, 
Prof S. Sriraman, Head 
of the Department of 
Physics, Annamalai, 
University. 

Dr. K N. Kuchela, 
Head of the Deptt. of 
Physics, Central College 
Bangalore. 

Prof K. Venkateswarlu, 
Head of the Deptt of 
Physics, Kerala Uni- 
versity Centre, Alwaye-4. 
Dr G S Srikantia, 
Head of the Depart- 
ment of Physics, Re- 
gional College of Edu- 
cation, Mysore. 

/See aho table on next page,) 



132 


'6 

^ 0\ 
^ O’^ 

»n 

■n Ti- 


w 

£5 


5 y. 

’J 

V: in:^ 

*41 4^ 

i*j c h 2 

. JS '!t *-f 

T . ^ 3 


t. “ ^ 

.K. 

/*4 J £ 

^ u • 

^ ^ rj 
J’-* c. 

y Cr t: 
•& *« § 
S: A, *5 » 

u H - 

f^—E 

“* "* cc- 

^ S’a M 

a;" c^ 


-►’ *•* 
SC 
=<<« 


i: 

>* 


a 

(U 

Q 

J M _* 
■25£ 

a o jj 

HNi^, 

^ aO 

>£ 
S o S'o 
a.KDQ 




e 

ar 

QO 

’O 

•S 

o» O tTv 


Vt 

VO 

Q 



yj cc 
'O 'C 
O' c,^ 


• S- 

I <o 


00 00 
VO VO 

2 o®' 
yj vd 
yi n 




I 



S VO \o 

.2 2^2 


?i 


y,x 

■^'■^ cxi 
^a. . 

9'S C 
CS'S 
.>— E a 

05 o c a 

'^aP-G 

g <J V rt 

ii;xo4* 


S 

2:s£o 

«o '*o 

r*^ ri 


bx 

^S5 

J V) V 

«► 

E 

, Qh ►-v 

. ' - ri rt 

^4-1 c d 

. o o o 

^ u O O 

Qo-CUPl, 


^ « 
j= >. 

S'S 

fc^i V , 

.a o '5 !£ 

^•5 ^ 75 

.“D ^ 
to o 

C 1) u u 

QXQQ 


:Q 


CO CO 

• 

oo 

so 

DO 

VO 

2 o 

VO 

O' 

VO 

0 2^ 

VO VO 

O' o2i 

\d \o 

in 

VO 

m 

VO 

o 


ri 

o 

00 


CM 

r^ 

ri ^ 


1.-f 

IS 

^■S 


'i;ss 


if 


x:v« cx 

0-1 O C 

«k'1 

^ ^ ^ ^'^ 

i^li 

^ DC)-h 


-• 

-Ssg 

■Si a 

5 -*1 c2 H 

i£i2l5 

oo- 4 = 

V3 u -'hJ 

• s „ 

<« *0 ri ^ 

>s&y 

s;xQa 



(x;ffixG 


1 


* tA 

g'G 

D 

•C ^ 
53^ i‘ 

-i-S II 

eJl' 


(a 

. CJ 
■ ^ 3 

-^S'i'd 

,rt> C 3 
.§'^ 0,^1 
^ a 


CL 

& 




Qffi, 


•Su 


s &.S 

I^S , 

k O > d 

fA 


P4 


.!5 

G 

u 

JO 

U 


ri 

s 


>> 

00 

O 

*0 

W 








SCIENCE AND 
MATHEMATICS TEACHING 
PROJECT 

Part tluee of the trial edition of the 
text materials for Class VIII in biology, 
chemistry, physics and mathematics 
were completed. The.se manuscripts 
have been sent to the press for printing 
and it IS proposed to xiublish at least the 
first pait of each .subject in time for use 
at the summer course by the participat- 
ing teachers to be held at the Depart- 
ment in the middle of June, 1968. The 
corresponding teachers’ guide material 
has also been prepared and these will bo 
cyclostyled and used at the Summer 
Course. 

The Summer Course lasting for 16 
days will be held for the science teach- 


ers of the .31 <*\peiimental schools from 
the middle of June, 1968. At this Sum- 
mer Cioursc, the participants will be ex- 
liosed to methodology lectures, the con- 
tent inattci of tlu* text material and the 
l.ibdiatoiy woik and demonstration ex- 
peritnent.s. This will be done with the 
help of nM,.sc'o e.xpcrts and will be con- 
dueled by the stair of Science Depart- 
ment. With tlic training of these tcach- 
eis for the Htli ehnss course, the training 
foi tb(‘ middle school will be completed. 
The Deiiarlment is at the same lime 
preparing the syllabus and cuiTiculum 
foi tlie next stage of the school educa- 
tion namely class IX, X and XL 

A mimher of States have begun to 
show interest in extending this project 
in their Stales and placing a few .schools 
on an c.xperimcntal basis under this 
.sc’Iwunc. In order to acquaint officers of 
the Department of Eclucalioii in these 
.Stale.s, a seminar was conducted for a 
week from Maich 25 to March 30, 1968. 
State Insliliiles of Education or the 
State Institute of Science Education of 
the following slates sent tlieir represen- 
tatives: 

Madias, Gujarat, Rajasthan, Kerala, 

Andhra Prade.sh and Maharashtra. 

At this .seminar the programme of the 
project was discussed in detail by these 
participants with the officers of the De- 
irarlmenl and unesco experts. Various 
points for clarification were raised and 
discussed. The participants were also 
supplied with a lot of lilciature and 
other mateiials necessary to them to 
prepare their own variation of the 
Curriculum- 

Following this seminar, the states of 
Andhra Pradesh and Gujarat have decid- 
ed to start the teaching of science as 



M il»wn V I! M t n M. I'ffiS 


r»} 

M p.aatc cli%f jjthur *, i« ,i fi w n{ ilinj 
Mlit*-*!*. 111! Atiiliiia I’f.uJf'vh itiui ,1- 

i )t 5 i,nS»!i< lit hi'M ti'M int ( tiMs^s <iJ 
wiirkinii UrMitjn ill fMih suhji'it t-ftii'.ist 
ms* tij tr.nliirv .(iid tiiincultnn 

i-^pr rts tn pl.m <i»tt tlic ‘.i ln iiir of iJn* 
pro|* < I i!i thi'tr sl.iti >, 'I [i( y iiivito*! 
MihjKt spi'u.ilists from iho Sc iriit o 
IS'p.ulns'nt of tin* XCn‘'.H‘r auci ,sc»nio 
c \js{st> I’XpiTts. who hi'liK'd tlicin to 
.itliip} till* < iirriciiloin wliitli was drafttsl 
to sent till' itluLalioii.il hlruftiirc of the- 
imtkllc st'hoo! iij llydorahad, whoii- 
then* :uc only two tlassfs nanudy 
classes VI and MI ol die imddle seliooi. 
Tlii* turrit iiltini was UKKlilifd In itieludi' 
all iuipnrtaiit eoneepts witliin the period 
of two aeadetuie years. 

Union Territory of IX’lhi 
Tilt* Direc.'lorate of Kducatioti iu Delhi 
has decided to hitrwUvee the teaelnui' 
tif .seieiift* a.t sepiinite .suhjeel.s' in all the 
schools' tif Delhi from (ho year lf)(iS-65). 
'nie seienee eeiitre at the Direetor.ite 
organised a few .seiuiuar.s- for biology 
and physics te.iehers in order to train 
them to handle cla.s.s VI materials pre- 
pared by ibis' Department under the 
project oi seiciicc teaching, Oflicers of 
the Department closely cooptralecl and 
acted a.s resouiee persons at these semi- 
nar.s, and gave guidance to the t(*aehei 
trainees. 

The Chijarat Slate has also planned to 
start a few schools under this project 
and use the materials prepared by the 
Science Department, Tlic Officers of 
the State were helped in adopting the 
materials to suit their schools. 

Other States like Kerala and Madhya 
Pradesh are also showing interest in this 
project. 


.\s .dn .uly sl.ilcd, the Central Schools 
Oti'uiis,ili..n ,irc conlmning to use the 
t<\lhttuk>. ,uid iiialciuls piepared by 
this I )/ p.iiliiinit under the project in 
alvmt Idt) sihooK iiiii by them, 

Hiolugy .Study OroupK. 

Text matriwls mid teachers guides for 
i-lasscs V. VI and VII were finalized and 
iii.idc piessworthy along with the illus- 
fi.itions. Tin 'SI* niaUTials have now 
hcfii .si-iit to the piess for pointing as 
tri.il edition, s. These editions will be 
Itictl out duiiiig tile next academic year 
ill e.K h legion ol the .study group, 
.Vinoiig the If) Siipipdenientary Readers 
pl.niiied fill use hy the students, the 
(’oiixciiei ol the Study Croupis has al- 
ready leccixed inanuscripls for two 
liooks and these arc being reviewed in 
order to get iheni jniiiled. 

The Directors of the various gi'oups 
met at Delhi in Aprril and finalized the 
dt.ifl syli.ihiis and chapter headings for 
the text matmuils for the next stage of 
the school iianudy classes VIII, IX and 
X. 'ria* most recent eoncept.s and under- 
sluiidiiig iu biology are included in the 
cuirieuluiii and the details will be 
1)1 ought to a levi'l where the pupils 
would acquire enough depoth of know- 
ledge .so lli.it they can enter college 
cdiiealion with gieater understanding 
and depth of knowdt'dge, 

A writing session at Kuclaikanal for a 
moiilli was held during May to write 
out till* first draft of a few chapters on 
the .syllahus for these classes. 

Chemistry Study Groupjs 

The Study Groups under this subject 
held a writing session in Hyderabad in 
March, 1968, when the final drafts for 
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the text and lalniratory inamial and 
teachers guide xvcrc edited. Pin t of the 
materials has now been sent to the piess 
and it is expected tliat tin- books will 
come out ill the course of the next three 
months. 

Physics Study (houp.s 

The Study Group.s of this sulijecl have 
finalized the materials for the first year 
of the middle stage. Work is coirsider- 
ably progicssiiig on the other two 
gioups and the nianusenpts are being 
processed for printing. 

Mathematics Study Groups 

Curriculum guides foi classes V and 
VI in geomctiy and for classes V, VI 
and VII in algebia have been iirepared. 
The manuscript of the text books for 
these classes have also boon prepaied. 
They are in tlic final diaft stage. After 
a few revision touches they will be 
ready for the press. Preliminai-y dis- 
cussion for the framing of the syllabus 
for classes VIII, IX and X were held 
during the three months 

Regarding the primary classes, the 
guide for Clas.s I is ready and that for 
Class II has almost been completed. 

This is a scheme where the Govern- 

« 

ment of India with the assistance of the 
UNICEF will make arrangements to pro- 
vide a set of equipment to all key m.sli- 
tiites and selected schools. The list of 
equipment was drawn up by the Depart- 
ment The Department has also pre- 
pared, under this project, new curricu- 
lum for piimaiy school in science which 
would be tried out in some selected 
schools. The Department has already 
prepared the syllabus for. classes I to V. 
Based on this syllabus, it has also deve- 
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loped tliice volumes of a handbook of 
.science for primary school teachcis. 

A .semmar of primary science educa- 
tion was held at the Department of 
Science Education from March 18 to 
March 2.8, 1968. The following Stataes 
sent repi esejitatrves'; 

Gujarat, Himachal Pradesh, Rajasthan, 

Km ala, Ori.s.sa, Goa and Madras 

Tlic fii.st volume on ‘General Science 
for Pi unary schools-A Teachers Hand- 
liook of Activities’ was published and 
the second and third volumes are ex- 
pected to lie out of the press veiy soon. 

A demonstration set of equipment 
eonsi.sting of about 600 items was held 
at the Instmctional Material Centre of 
this Department during the seminar re- 
port(>d above. Textbooks for the classes 
HI, IV and V aie being prepared in the 
Department. The syllabus is mainly 
activity based and the book of activities 
suggests a number of .student activities 
wilii a lot of suggestions for lire teach- 
ers as to how to organize these 
activities. 

The science aptitude lest was held on 
the 7lh January, 1968, and about 7700 
students look the lest in about 326 cen- 
tres distiibuted all over India. The 
scripts were evaluated and die results 
tabulated. About 1000 candidates were 
called for interview at five centres 
namely Delhi, Calcutta, Bombay, 
Bangalore and Chandigarh under the 
Chaiimianships of Dr. D. S. Kothari, 
Prof. A. K. Saha, Prof, V. T. Chiplonkar, 
Dr. P. L. Bhatnagar and Dr. P. N. 
Mein a. 

Fifteen summer schools each of 30 
days duration for the under-graduate 
awardees were held at various centres 
during May-June, 1968. The awardees 
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tts llif ’ I (m 

St u’JiiniH f <1 s .tl 

ah'rti! .!*> titti-r.wl l.diMt.itnjji ■> .uitl 

'III* {<»I4» ,iti«<uv \'irrf' 

Itri 'jk!4 miJ tlursHst lhj*> jw-tun] 

J, S! ,)(! Ii( [ttijf {ill I’JfM 
1 ]v<’. n», |iv Y'iiiin!; Siuiihsts, 

.i I'A'i.ai* tiv Yiiiim; Ss ifntiNis. I'Xrf) 

lima! 

1 ill- liiui.tl Matui.il (a’lilic nf 

till’ Dt iMjItin lit tcxtbutiks 

.‘iitl arlulcs ttf ( umimii tit tli \cloprtl 
iisuli r llic 'I‘i<>i<tl Ilf Timi liim' ui 
.Siii'iiir .lliii Madir inatii \ at SchnnK' 
and at llir 'I'lnjitt Im SticiiUtliriiuit; nl 
SVhiuil 'rcailfiiH'. at all Levels' at the 
time uf the v inmais <if state represnila- 
tives lejiiti'ted earlier, 


'Ihe fi.iines iiii the filmstrips pic- 
jiatui uiieli 1 three titles (it the Depart- 
nii Ilf lit Amlin Visual Kducatinn were 
evaniimd li\ snhij-et spin lalishs in tins 
Diparlimnt Siigrtestiniis weie maijc 
fill lin.ih/iii),; tlin e titles, namely (i) 
\iiiiiials ssilhiail B.iekhiines; (ii) Pol- 
I'liatiiiii. and (iiii Ihids. 

'Vlre ]iiiu'hase nf equipment and 
t'hemiials tin the ddlerent lahoratories 
Was (iintiiiued 

The liist Rradei iiiidei the scheme 
mum l\ "I he rtuseise' hy Pinf P.L, 
Rh.itu.e»'.,u' has heeu inihlished, The 
[ninfiuit i f (lie oilier two titles nameh 
'Wiapoiis did and Nev\' and "Life iincl 
\A'ink 111 Meiihiiad Saha* has also been 
ciupleted 'I he niaiiuseript of ‘Animals 
ssilhout Ikukluiues’ was lewivecl and 
riw I e well. 


I ENGINEERING DRAWING ^ 

i A Textbook for Technical Schools 


K. S, Rangaswami 
G. L. SInhe and 
D, N. Sarbadhikari 

Crown quarto pp 151, 1M7 Ra- 

Intendeid for beginners in the age-group 13-17 years, who are studying 
engineering as an optional subject in multipurpose higher secondary 
schools or for students in technical schools. Aims at (1) presenting an 
over-all view of the major areas of engineering drawing practice without 
entering into specialized details and (2) training students to develop a 
moderate skill In making engineering drawing. 

Available from : 

Business Manager, Publication Unit 
National Council of Educational Research and Training 
71/1 Najafgarh Road, New Delhi 15 
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national science talent search examination, 1968 

RESULT 


List of the camlicKUcs who lune hcoii selceleil lor the award ol stliolaisliip and ceitilicalcofmciit under 
the National Science rnicnt Senich I xaiMiiialion, IWiN. Ilieir names hasc heen anangcci in order of 
merit. 
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girl candululnii 

RANK NO 

ROtl NO, 

NAMl m till < ANDIDAII 

MARKS StATr 




oiirAiNrn 

1 

32986 

Sh, Vadukkcduthu 'I homas Rnjiin 

195 

Bihai 

1 

6011 

Sh. Jayaiita Naiayaii Choiulhun 

195 

Assam 

3 

10747 

Sh. Ramcsli Narayiin 

192 

Madras 

4 

2096 

Km Vijnylakshmi Shelly 

191 

WB 

5 

32752 

Krn Kalyani G. Mcnon 

190 

U,P, 

6 

2007 

Sli Rcntala Chandraslickliai 

182 

W,B 

7 

811 

Km, Neelam Vcrnia 

181 

Delhi 

8 

4815 

Sh, Gadgil Ashok Jagannath 

177 

Maharashlia 

9 

1178 

Sh Amiiabh Jain 

176 

Delhi 

10 

498 

Sli. Y 11, Miiralidharan 

174 

Delhi 

11 

32688 

Sli Dipankar Pramanik 

173 

Maharashlia 

11 

32916 

Sh. Riistoin Adi Kanga 

173 

Maharashtia 

13 

501 

Sli, K.R. Subraimman 

172 

Delhi 

14 

22110 

Sh. ,S.A. Prasad 

171 

Mysore 

15 

23037 

Sh. R. Srinivasan 

170 

Mysore 

16 

50201 

Sh. Surjya Kumar BhaKacharjyii 

169 

W.B 

17 

10779 

Sh. C Jayaprakash 

168 

Madras 

18 

499 

Sh. K.S. Sridhar 

167 

Delhi 

18 

21649 

Sh. Sudhm Dutta 

167 

WB 

20 

28033 

Sh Sakate Deepak , 

166 

Bihar 

21 

30191 

Sh Clietan Prakasli 

165 

Rajasthan 

22 

198 

Sh Vijay Lulhra 

163 

Delhi 

22 

4801 

Sh Srinivasan Sekar 

153 

Maharashtra 

22 

10802 

Sh. Vilayanur Subramanian Ramachandran 

163 

Madras 

25 

24552 

Sh, Vanin Bharthuar 

162 

Bihar 

25 

34216 

Sh Chandan Sen 

162 

W,B, 


1 '<iH 
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jr\f. IJK« 


5 

41 

1 

4 

5 

21 

1”W4 

Sh. llsl!!' Ktiiiwr Mtsluj 

161 

Bihar 

2S 

12M‘? 

Kni, Mhwi 

U)0 

U.P, 

2»» 

15IW6 

.Sh NnlnOi kiitiur Milr.i 

UrO 

M.P 


S443T 

Sli. K.iin.iV!i‘>I'm.m VcnV,»ii.iii(.ii\ K.imaktishn.Hi 

160 

Gujarat 

11 

5t8)5>! 

Kill. ,Sui.tla MtiVhri)cc 

159 

W.B 

11' 

770 

Kid lOi.iraihi Kaniiiicni 

159 

Delhi 

11 

IWl 

Ml AniilaWi 

159 

Delhi 

11 

12571 

Km H Kajc'v.aii 

159 

Mysore 

15 

2001 

.Ml, I'fjhlui. I'r.imiiiiik 

158 

W.B, 

11 

IKV 

Km. Unw t'haui'|MOh>.i>.i 

158 

Delhi 

IS 

W 

Km. C‘.S. Val'mltt 

158 

Delhi 

31 

1051 

Sh R.iji' Malhiura 

158 

Delhi 

35 

.10149 

Km .IkiKtj Hala Kiikrcj.i 

158 

Delhi 

35 

7731 

.Sh. U.V Matlictt 

158 

Kerala 

.35 

17838 

Sh. V.S. llsvark-maih 

158 

A.P 

•12 

769 

Km. Rajesh (luuUni 

157 

Delhi 

42 

43454 

.Sh ,Sanja> Ciupta 

1.57 

U.P. 

44 

6;ioo 

Hh, AiiuriMh Mahaptia 

156 

Maharashtra 

44 

7190 

,Sh, C .Srcckunuir 

156 

Kerala 

46 

781 

Km. Ruchira Miira 

155 

Delhi 

46 

502 

Sh, C'..S Similar 

155 

Delhi 

46 

32741 

Sh. Ilhir Shankar Mallmr 

155 

U.P 

46 

30189 

Sh, R.iin Ran 

155 

Rajasthan 

50 

2(W1 

Sh, P.irlhawr.ohi .Mura 

154 

W.B. 

50 

811 

Km. Suilha ScUsi.iI 

154 

Delhi 

50 

1181 

Sh. Ravmilra Hhaii 

154 

Delhi 

50 

17901 

Km. Riclia Pun 

154 

UP, 

50 

47351 

Km. Rita C/oMsami 

154 

Assam 

SO 

3639 

Sh. Paul Sudhir 

154 

Maharashtra 

50 

23043 

.Sh. P. Ramana Kumar 

154 

Mysore 

57 

50789 

Sh. Ram C hiikraboriy 

153 

W.B, 

57 

38850 

Sh. Pradccp Kumar Muklicrjce 

151 

U.P. 

57 

32919 

Sh. Parukh Jal Dcbuo 

153 

Malmrashlra 

57 

8089 

Sh. P, Halagopul Kurup 

153 

Kerala 

57 

23030 

Sh Masouit Ahmed SharilT 

153 

Mysore 

62 

393 

Km. Janaki .S'rinivasan 

152 

Delhi 

62 

1039 

Sh. Arvind Kumar CJupiu 

152 

Delhi 

62 

1093 

Sh. Suslul Vachani 

152 

Delhi 

62 

36033 

Sh, Ajay Raiilogi 

152 

U.P. 

61 

56532 

Sh. Marbir Singh .Sidhu 

152 

U.P. 

62 

3168 

Sh, Slircckant Prabhakar Pande 

152 

Maharashtra 

62 

4049 

Km. Jayshrcc Shrinivai Yeolckar 

152 

Maharashtra 

69 

2098 

Sh. Prabir Kumar Daita 

151 

WB. 

69 

772 

Km. Sheet Hhala 

151 

Delhi 

69 

1055 

Sh. Ajil Kumar Sclh 

151 

Delhi 

69 

31067 

Km. Nina Kapur 

151 

U.P. 

69 

39215 

Sh. Anil Kumar Agarwal 

151 

U P. 

74 

50788 

Sh. Chinmoy Bose 

150 

W.B. 

74 

2029 

Km. Adclcnc Jana 

150 

W.B 

74 

50055 

Km. Unin BhaUacharya 

150 

W.B, 

74 

51289 

.Sh. Ripudaman Malholrn 

150 

W.B, 

74 

2806 

Sh, Ranjil Kundu 

150 

W.B, 

74 

799 

Km, Arvlndcr Kaur 

150 

Delhi 

74 

57559 

Km, Mnlini Vijayrnghnvan 

150 

Delhi 

74 

8125 

Sh. Rujasckhurati M.V, 

150 

Kerala 

74 

8151 

Sh, T.C. Sundaresan 

150 

Kerala 

74 

26341 

Km, S, Radha 

150 

A.P. 

84 

2526 

Sh, Saurendra Naih Konar 

149 

W.B. 

84 

790 

Km. Vibha Gujral 

149 

Delhi 

84 

379 

Sh. Vembar Raghu Ram 

149 

Delhi 

84 

383 

Sh. Koraandur Krishnaswamy Sridliar 

149 

Delhi 

84 

30881 

Km. Rama Agarwal 

149 

Rajasthan 

84 

32979 

Sh. Ravi V.J. Chari 

149 

U.P. 
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1 

2 

3 

4 

5 

84 

32836 

Sh. Niliibb Sha-iiri 

149 

U.P 

84 

10781 

Sh. Knsliium Ganapathy 

149 

Madras 

22 

2100 

Sh, Ocbiisish Sihi 

148 

W.B 

92 

37610 

sii, Abhijit B.mcrjcc 

148 

Bihar 

92 

1472 

Sh. Arun Kumar C'hiifulrasckhar 

148 

UP, 

92 

32778 

Km. Perwccn Kausar 

148 

Orissa 

92 

32798 

Km U^lla Susan Cicorjtc 

148 

Maharashtra 

92 

23231 

Sh. Miinclumahalli Vcnktiuamiali Ilhujanga 

148 

Mysore 

98 

17698 

Km. Gecia Kapoor 

147 

Rajasthan 

98 

21650 

Sli. Rajat Roy 

147 

W.B, 

98 

356 

Sh. Rakcslisvar Duyal Malhur 

147 

Delhi 

98 

30983 

Km Rama Padmanablian 

147 

Delhi 

98 

409 

Sh. V Soshadii 

147 

Delhi 

98 

37607 

Sh. Deb Kumar Roj 

147 

Bihar 

98 

32976 

Sh, V, Srimvasan 

147 

U.P. 

98 

15197 

Sh. Kesha V Dayal 

147 

M.P 

98 

32390 

Sh T. R.ajasckharaii 

147 

Kerala 

107 

2011 

Sh. Naravan .Shenov 

146 

W.B, 

107 

386 

Km T.R Malathi 

146 

Delhi 

107 

505 

Sh. S. Ycgyaiaman 

146 

Delhi 

107 

32971 

Sh. Ashok Haijal 

146 

U.P. 

107 

54822 

Sli. Alok Peril 

146 

U.P. 

107 

29842 

Sh. KrLshnu Murari Acharya 

146 

M P. 

107 

4954 

Sli Valanju Prashant MaUhusudan 

146 

Maharashtra 

107 

36618 

Sh. Raghuram 

146 

Gujarat 

107 

23050 

Sh. Rishyur Sivaswami Namlu 

146 

Mysore 

107 

31050 

Km. Promila Puri 

146 

Mysore 

117 

2006 

Sli. Saibal Kumar Saha 

145 

W.B. 

117 

2095 

Sh. Jayanla Uhattacharjec 

145 

W.B. 

117 

50175 

Sh. Proilecp Ghosh 

145 

W.B. 

117 

742 

Km. Madhu Bala Gliildial 

145 

Delhi 

117 

32912 

Sh. Pariha Rak.shit 

145 

Maharashtra 

117 

9394 

Km. Sarah John 

145 

Kerala 

.in 

22914 

Sh Lawroiico Packuim 

145 

Mysore 

124 

773 

Km. Riia Chaudliuii 

144 

Delhi 

124 

45425 

Km. Shamndcr Kaui 

144 

Delhi 

124 

32895 

Sh. Jayanla Bancrjce 

144 

Bihar 

127 

2055 

Sh. Saibal Kumar .Sarkar 

143 

W B 

127 

34224 

Sh. Dipankar Dun 

143 

W.B 

127 

36002 

Sh. Sushil Khanna 

143 

U.P. 

127 

3972 

Sh. Joshi Girdhar Madhukar 

143 

Maharashtra 

127 

22996 

Sh. Jacob Richard Fernandes 

143 

Mysore 

132 

34296 
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An introductory book for students in the higher classes of Indian 
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Letters to the Editor 


TN the March, 1968 isstto of School 
1 Science, 1 icacl wdh plcasuio an 
attempt at impiovcnicnl of the PSSC 
experiment on the experimental deinon- 
stiation of conscivalion of momentum 
during collision of two balls. I was all 
the more pleased to find a scieiiti.st of 
the calibre of Piof. B. D. Nagchaudhiiri 
being associated with this work. 

I wish to suggest a fe,w “obvious im- 
provements” in the experiment publish- 
ed in that issue of School Science. It is 
possible that the points mentioned be- 
low by me are already incorporated in 
the equipment designed and the experi- 
ment performed by the authoi.s But it 
would have been better if tbe.se had 
been incorporated in the published 
article as well. Whereas the authors 


claim to ha\e performed the exepriment 
with an iTim of 5 per cent. I have 
done the same exiiciiment by the 
P.SSC;-kit within an erior of 1 per 
cent. 



I, It appears from the p)hotogiaph of 
the apparatus published hy the authors 
(repioduced here) that the inclined sur- 
face used to give the initial velocity to 
the striking ball is a plane. Thus the 
initial velocity of this ball at the time of 
collision appears to be not in a hoiizon- 
lal plane, wlieicas the collision is sup- 
po.scd to lake place in a hori'/onlal plane. 
Thus it would be belter if this surface 
were curved so llml its lower end be- 
came horizon tab as is the case when 
using the irlastic scale as the inclined 
.surface while doing the experiment 
with the PS.S,C.-kil, In case the in- 
clined surface used by the authors of 



the improved experiment had a few 
eenlim(‘tres of its length, near the lower 
end curved so that the striking ball left 
it with a horixoiital velocity, it would 
have been all right and this suggestion 
would then have become redundant. 

2. It appears that an attempt has 
been made to equate the vector sum 
of the velocities of the two balls after 
collision, with the arithmetic sum of 
those velocities, Tlie published table 
to observations seems to indicate this 
as well as the discussion following it 
which says "In the above observations 
the initial velocity of the stnking ball 
before collision can be obtained by 
simply adding the two vectors and also 
from the diagonal of a parallelogram 
formed with the two velocity vectors 
and the angle of collision,” 

I think a better way of experimenta- 
tion would have been to let the striking 
ball start from the same height every 
time, and to see whether the vector sum 
of the velocities of the two balls after 


collision came out to be the same every 
lime. If a measurement of the initial 
selncity of the sliikmg ball is desired 
the experiiiK'nt may be repeated with- 
out the second ball so that the striking 
ball lli('S off with the horizontal im- 
parted to it by the inclined surface. 

Yours etc,, 

Ved Eatna 


R ecarding tlm Experiment 0 
iiiider “Simple Chemistry Kit” 
piibli,s'hcd in June 1967 issue of School 
Science, the following suggestion is 
made; The use of an open-mouthed 
lest lube as a reaction vessel is highly 
dangeious. llm use of a two-lioled 
stopper with extended exhaust tube 
eliminates this hazard. 

Yours etc,, 
P. S. V. Rao 



EDITORIAL 


A S one of the stop.s inwards kiMuk nnr readers a more punctual School 
Science, we decided to ajtnhine llie September 19()S and Dcct'mbcr 1968 
issues. Our jirstification for ibis im-asure is that it takts ns nearer to fulfilling 
the assurance offeicd in our bust issue that the journal would be more regular 
in future, We expect ihul this tsunbined issn/* will gi\'i‘ readers' tlio same 
.satisfaction that the Isvo separate issues ssuuld have. 

The contents of this number range fioin a most infornuUtve article (B, J. 
Heywood The Coiiliiwint' fitrirgg/e a^ctiiiu Wmls) on the latest herbicides 
for combating different typt's tif weeds- to a discussion (A. A. Ourshleiu, 
ProUng The S't’crc/,v of the Saittr SijUnn) of llie observations of the at- 
mosphero of Venus from data obtained by Uns.siau .space vehicles during 
1961-65. N. K. Verrna in Tuu FoumUttUm Stonvs of Radiation Uadiclne 
gives an account of the discovery and applications of X-rays and radium, 
Y. A. Naumov and B, I). Atrcya in The i^alure of Orf'anic Compounds discuss 
the typical features of organic conuxniiuls and bntig out bow they are differ- 
ent from inorganic c-ompounds. Seamdary scliool students will find this article 
very useful in clarifying their ideas and cont-epls on ibis subject; the autliors 
have also given biograpliiwil note.s on Berzelius, ^\’oiller and other chemists 
who have contiibutcd notably to the development of organic chemistry. In 
A Phijsical Principle - Paradoxical but Fundamental, Chbotan Singh dis- 
cusses Schrodinger’s ‘wave c((uation’ and Heisenberg's 'unc-ertainty principle’ 
in quantum mechanics, this discussion will be of special interest to teachers 
and the moie advanced students. 


There are two other article.s which would greatly inlcre,st all readers. In 
Mr to the Rescue, Jatm's Lavvrie doscrihes how the hovercraft principle can 
be applied in lifting and moving heavy loads In industry, while in Were the 
Planets Hot from the Start, the author disemsses the theory put forward by 
Fred Hoyle and N, 0, Wickruina.singbe that the earth and other planets were 
made hot and have cooled down since. 


Coining to the regular features, under Ctest'oom Experiments, Ved Ratna 
oes some re-thinldng on the experiments usually chosen to demonstrate that 
t e thermal conductivities of different substances differ. In Science Abroad 



we have an amnint of a m-w twix-rinn'iil; in .seiiMico teaching — the teaching 
of 'cnviTOiinunilal science — heing catriccl on in New .South Wales, Australia. 
Tliere arc .ilsii two arlicle.s on the Nuffield Foundation Science Teaching 
Projc'c'l. 

In YounfX Fu/fcs Cotnn and Snrurc Noics- wt: have: a variety of useful 
infonuation rc'garding le latest diwt'loptneiUs in tlu' various' fields in scnence. 
In other fcvalures there arc; same interesting reports about the Summer Insti- 
tute.s iu Seienee ludd during ItKiS and the latest news rc'garding the Science 
and Mathematic's Teaching Pioiect. 

Apart from the regular features, we bc'lieve readers will note with ln^e- 
rest two letters to the F.ditor which eonunenl on the evperimeut to demon- 
strate the conserv'ation of momeiiluiu (School Science, March 1968) and on 
ll'.c Simple Cheniistn,' Kit described in School Science, June 1967. 

And, last Ivnt not least, wc: cairy nndcr Nates out! Notes the summarized 
rc'commendatioiis of the CASTASIA Conference held iu 1968 in New Delhi, 



Two Foundation 
Stones of Radiation 
Medicine 

N. K. Vmma 

Institute of Nuclear 
Medicine and 
Allied Sciences 


■|^ ODERN physics may be said to 
date from 1895 when Roentgen 
discovered X-iays. Two other major 
discoveries followed in quick succes- 
sion, namely the discovery of radio- 
activity by Becquerel in 1896 and the 
discovery of radium by Madam Curie 
in 1898. These epoch making dis- 
coveries not only revolutionised physics 
but have proved to be of immense 
application in the medical field, 

Madam Curie’s birth centenary was 
recently celebrated in Nov., 1967. This 
article gives an account of tlie discovery 
and applications of the two foundation 
stones of radiation medicine, namely 
X-rays and radium. 

The first Nobel Prize for physics was 
awarded to Wilhelm Conrad Roent- 
gen, Professor of Physics and Director 
of the Physical Institute of Wurzburg 


in Bn\aria, for hi.s epoch-making dis- 
covery of X-rays on 8 November 1895. 
He .saw the bones of his living hand 
projected on a barium cyanide screen 
when he interpo.sed it between the 
invisible beam of electromagnetic 
radiation, originating from the llittorf- 
Crookes lube, excited under the 
influence of high voltage from an 



I 


WILHELM CONRAD ROENTGEN 
tVinner of first Nobel Prize for Physics, 1901, 
(Courtesy ' Dr. LEWIS E. ETTER and the 
Science of Ionizing Radiation) 

induction coil, and the detector plate. 
And this was the beginning of Radi- 
ation Medicine. 

He made two important communi- 
cations in this connection. The first 
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was on 23 January in tin* atnli- 
tnrinm nf the Physir'il Institute, The 
title of his lecture was; "A New Kind 
of Kay (Uebei cine rieue Art Von 
Strahleuj" in which lie explained ahout 
his discoveiy of the penetrating ray.s. 
His lecture was accompanied hy 
dcinonstratioiis. Ht* took the X-ray 
pliotograph of the hand of Von Kolli- 
ker, thii famous anatomist of the 
■\\'ur/,lmrf» Uiiis-crsity and he .shinvt'd 
it to the audience'. In hi.s second com- 
mnnication on 10 March he, 

explained the, various pniperties of this 
new kind of ray. 'rln's wa,s entitled 
“Further observations on the properties 
of X-ray.s", 

These two coinnnmieatioris of far 
reaching importanw! were .snlfident to 
stimulate, oiiginiUe and develop a 
munber of new ideas and re.searehes. 
Tlu.s physical discovery, in its further 
developments, led to an integral discii)- 
line of physics, general sdeiioe, engi- 
neering, biology, medicine, clremistry, 
mathematics and so on; and it entered 
the field of almost any and every sub- 
ject. It also helped to explain many 
phenomena hitherto regarded as un- 
solved mysteries of nature. 

Koentgen died of cancer of the in- 
testine on 10 February 1923 in his 
Munich residence. He however impreg- 
nated his dynamic image over hi.s lime, 
which, like engravings on .stone, can be 
seen in hospitals, research laboratories, 
biological lnboratorie.s and analytical 
institutions all over the world. 

Within a matter of months, this dis- 
covery caught the imagination of scien- 
tists all over the world. Medical and 
commercial applications of X-rays fol- 
lowed with great rapidity. Speaking 



A.H. m COtil Rl ). 

U'l/iyirr iij Pnzr /or Phy,\ic.t 1903, 

Pro/. A. (Smtdy, Pniiin/aiwn Curie, 

Paini. 

exactly, it was after one month and 
three day.s only of tlie discovery of X- 
lay tluit it was hroughl into use in 
Belgium hospitals, Roentgen Societies 
and C.’ominiltees came into existence, 
Scientists and engineers put their heads 
together for the development of X-ray 
apparatus. Film manufacturers and 
dark room technicians made themselves 
bu-sy after X-ray applications for the 
purim.se.s of diagiK)si.s, llie subject of 
X-ray.s formed a strong nucleus round 
wliich many other branches of science 
began to revolve. 

Before. thi.s discovery, hospitals were 
acquainted with the application of elec- 
tromagnetic energy in the form of hi^ 
frecgiency current, diathermy, etc. but it 
was for the first time that this energy 
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(electromagnetic) entered the arena for in (luick succession. It haiipened thus, 
the hospital in the foinn of penetrating Aioused by this sensational discovery 
radiation. Both civil and military n.ses of X-ray, Antoine Henri Bacqueiel, the 
of X-rays were quickly realised. son of a professor of physics in Paris, 

But not even six months had passed began to look for a similar sort of peno- 
before reports of dermatitis on the traling ray fiom some other source. He 
hands of X-ray workers were received, thought about tlie phenomena of fluores- 
These were similar to those which ap- cenee which was seen to occur inside 
peared before 1895, on the hands of tlie Hitlorf tube at the point where 
discharge tube and vaccuum tube work- cnlliode rays struck the wall of the tube 
ers, resembling sun-burn. This proved to originate X-radiation. The sugges- 
that X-rays could induce biological tioii, llieicforo, was that there must he 
changes. And so, it was the starting some sort of correlation between the 
point of radiation plus biology, that is fluorescence and the emission of X-ray. 
ladio-biology. It could be possible that the substance, 

And now, with the liolx> of X-rays, capable of giving rise to fluorescence or 
supported by special radiographic pro- jihosirhorcscence could also be the emi- 
oedures, about two dozens of ladio- ter of Ibis X-radiation. Driven by this 
graphies, covering from head to foot, belief he began to examine a number 
aie possible, Medical examinations of, of such substances. In that pursuit he 
say, neck section, chest, breast, cardio- undertook the invosligaUons of double 
vascular system, genitourinary tract, sulxihate of manium and potassium. He 
skeleton, lymphatic system etc can also used photographic film as the de- 
routinely be carried by means of X- lector of radiation. He found that the 
radiation. film, wrapped up with black paper, 

X-rays also began to ho used for the over which the crystal of uranium salt 
treatment of tumours. In the field of was kept in the drawer of Ills table, be- 
kilovoltage and supervoltage therapy, cause of cloudy weather, for several 
250 kv, 400 kv, million volt and two mil- days, showed the image of the suhst- 
lion volt X-ray machines are quite popu- ance on its developing. This photo- 
lar. Even in a linear accelerator or in graph was similar to the one which he 
a van de Graaf generator or in a beta- liad obtained when the same an-ange- 
tiQU) high energy elech'oii beams are ment of crystal and the photographic 
somebmes hurled against a target to jplatc was kept in the sunshine. Rays, 
produce highly penetrating X-rays, similar to X-ray, had tlius been dis- 
which in turn, are made useful, in the covered by Beccxuciel. He found that, 
treatment of deep-seated tumours. this emission was inherent in all the 

Thus roentgenography and radiobio- uranium compounds, Fluorescence had 
logy have become established as re- nothing to do with it. Becquerel com- 
cognized specialities in clinical medi- municated the result of his investiga- 
cine. This was the first foundation stone tions to the Academy of Science, Paris, 
cf radiation medicine. in the month of January 1896, that is 

The second important phase followed only after three months of the discovery 



168 


MHooi, w irsc,E sKni,MHr.«/iU'.ci',MBF;n 1968 


tif X-rays. Tills was the bcj'iimiiif' of 
natural radioadhity. 

At tins staRe, Marie Kkloclowsha, a 
Polisli gill, the daughter of phy.siei.st 
parents', holder of inasier.s’ degrees in 
physics and inatheniaties, a reseaieh 
scholar and the wifi- of a eelehrated 
scientist Pierre Clnrie of Pari.s, wa.s att- 
racted by Becciuerel’s radiation. She 
began to inve.sligate all the available 
snbstunce.s for their emission of any 
jrent'trating radiation. In her ca.sc the 



Prof. PIERRE CURIE am/ lih wifi MARIE 
SKLODOWSKA Cuiic, 

[Cimrtesv: Prof. A. Gaiulv, Foiimlalion Ciiiie, 
Path). 

detector was not a photographic fdin 
hut a device ba.sed on the irrinciplc of 
ionization. The ionization chamber 
coupled with an electrometer, ■working 
on the principle of piezoelectric effect of 
quartz crystals, discovered by her hus- 


band, ineasuied the intensity of radia- 
tion coming from the sample. Every 
lime .she, found that the intensity was 
proportional to the amount of sample 
under investigation. A preparation of 
thoriuni salt also gave the same sort of 
result, But chalkolite, a uranium min- 
eral, .showed higher intensity than what 
wa,s e.spected. She concluded that there 
must be a .substance other than uranium, 
present in tin- sample, responsible for 
the higher eniision. It really came out 
to be .so when she .started her historical 
work in collahoralion with her husband, 
in the hnlint'nl of a school. The hard 
work of days and nights consisted of 
pnlveri/ation, precipitation and frac- 
tional eiystalizalion of pitchblende ore 
from the ]OAcaiiM.s'niAL uranium 
mine in Bohemia. The processing of 
eaeh twentylbe pounds of ore gave an 
yield of a milligram of a white shining 
inelal which was announced in Decem- 
hei 1898 as radium. This new substance 
was two million times more active than 
uranium. The name radioactivity, that 
is, action at a distance, was given by 
Mine Curie to all those substances which 
emitted radiation, Thus came into ex- 
istence an element which is playing a 
vital role in clinics and in laboratories, 
even to day. 

In the year 1903, Mmc Curie sub- 
mitted her thesis for her degiee of do- 
ctorate in which she described the 
various properties of radium. 

She was the recipient of the Nobel 
Prize for physics jointly with A.H, Be- 
wpierel in 1903. She received the 
Nohol Pi'ize for the second time in the 
year 1911, this time for chemistry. 

Biological and medical implications of 
radium came accidentally when in 1901 
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MARIE CURIE ^ 

Nobel Prize Winner for PhyucK 1M3, jor 
Chemislry 1911 , 

{Courtesy Piof, A, Ginuly, Potinoainiii Cuiit, 

Paris). 

Becquerel loaned some! i-adium from tlu; 
Cuiies for a donionslrtUion to liis stu- 
dents, A glass vial containing 200 mil- 
ligram of radium remained in the poc- 
ket of his vest coat for six hours. This 
produced erythema that is reddening of 
his skin just beneath the vest coat poc- 
ket. Then appeared crackings of the 
skin at that site finally forming into an 
ulcer which was painful. Conventional 
treatment was able to bring a cure. 

On receiving this report, Pierre Curie 
voluntarily exposed his arm to the rays 
from ladium to verify the findings and 
he went through the same experience 
as substances like radium were also 
capable of producing biological changes 
just as X-ray did. The Curies and 
Becquerel started a lot of animal experi- 


nu-ntafimi to study the phvsiologit'al 
i-iffc'ts of latlium ray.s. During years 
l‘KU-lUOfi radium was tried for its ihe- 
raixmtic fileets on a number of ailments 
sm-h as bliiKlness. dermatological condi- 
tions. sciatic- pain, female hemorrhages, 

cancer etc. , 

Tlu-n in the- year IfKlfi, the Biological 

LalKiratory of KacHum (which later on 
becanie I-'cmnclation Ciiirie) came into 
existence- in Paris and it started clinical 
works with radium. This was follow- 
fcl by radium institutes and radium dci- 
partments in other countries also. Simi- 
lar to X-rays, this disc-oveiy too spread 
far and wide and secured its position 

in the clinics. 

Mine Curie, a lady of great eminence, 
the- .symbol of scientific faith and mis- 
sionary zeal, a deep devotee at the tem- 
ple of learning, did phenomenal work 
during her life time. Perhaps nature 
itself became jealous of her achieve- 
ments, honouis and awards. She be- 
came a widow when her illustrious hus- 
band Pierre Curie was run over by a 
tnick on 19 April 1906. Soon after this 
tragic event however, she was again 
deeply engrossed in her work. As a 
result of prolonged exposure to anaemia 
she died of it on 4 July 1934. Radium 

which had bestowed such incalculable 
gifts in the alleviation of disease, took 
its toll from its discoverer. Mme Curie 
left behind her, an ideal and a sttong 
scientific legacy in the persons of her 
daughter, Irene Cmie and her son-m- 
law. Prof. Frederic Joliot Curie, again 
both of them Nobel laureates. 

Rapid research and development fol- 
lowed and radium was found to be best 
suited for cancer treatment. Inter sti- 
lial, intracavitary and surface apphea- 
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Prof. I-REDP-RIC JOLIOT CURIE md hix 
wife Mine IRENE, CURIE (daughter of Mine 
Curie) Centre of the photogiaph. 

IViniiers of Nobel Piiie for Cheinisliy, 1935, 
(Courtesy; Prof. A. Gandy, Foioiduthn Curie, 
Parts) 

tors of nulumi in the form of inonkls, 
plaques, etc caino into use for the treat- 
ment of oaiicer of the various regions of 
'h(‘ body such as skin, hand, iK),se, ear. 
eye, longue, oral cavity, vocal cord, 
bicasl, uterus, rectum, etc, Permanent 
implants of radon seeds (bits of thin 
gold tubing containing radon gas) at 
certain delicate sites like tongue, tonsil 
intestine etc, pioved to be vciy effec- 
tive. Combined therapy of surgeiy and 
radium, backed up by lontgenography 
gave excellent results. Radium pack- 
ings on curie level, gave high intensity 
beams of gamma radiation suitable for 
the treatment of deepscaled tumours. 
Solid radium salt filled in platinuin con- 
tainers in the shape of needles and 
shells began to pour into the hospitals. 
In our countiy, thi.s cxislly substnnc'c 
(about Rs. one lakli for a gram) came 
for the first time in Ranchi, Bihar, 
around the year 1920. 

Thus the two great discoveries of X- 
ray and radium plus the pioneering 
work of Roentgen, Becquerel and Mme 


Curie laid the foundation stones of 
Radiation Medicine. 
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The Nature of Organic 
Comix)unds 

Y. A. Xavmov 
H. J). Anu-,YA 
Department of .Science I’xluaition 
N.C.E,K.T. New Delhi 


I T i<i difficult to enumerate all the 
organic .suhstanevs, which are being 
pnaluced in inchistry' today. Many peo- 
ple lane .vtarted calling tlie twentieth 
(•(‘iitnry a?) 'The ccntuiy of atom and 
ivdymcrs,’ According to calculation of 
('r]ifrts. diffcrmit polymers will compose 
aboni iW’f of all tint materials used in 
ni<‘<-!i!jn it\d ci»gincering hy the year 
last). Isven at pre.s‘ent, in a modem 
airliner, tlu‘re are about 120,000 parts 
made of pla.slics and rubbers, Tlie 
main fields of industrial organic chemis- 
try' have hc'cn shown in n tabular form. 

Tiie industry of heavy organic synthe- 
■sis (cohunn 1 in the Table) is produc- 
ing .soiiu* important substances in large 
amount (polymers, petrol, alcohol, 


TABLE “I 
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acetic acid etc). In the ciiKC'. of fine 
organic s>'iitlifsis (Ckilumn 2 in the 
Table) tlie pnuhictinn is not .so large. 
Example.s of fine organic .syntlie.si.s are 
me(licin(‘K, perfumery and dye.s etc. 

It is important to nu*nti(jn here that 
all fine organic .synthe.si.s is haseci on 
organic raw materials obtained by heavy 
organic synthe.si.s. Mortmver, .some im- 
portant inorganic products (e.g,, hydro- 
chloric acid, hydrogen) are also produc- 
ed as hy-product of organic synthesis. 

'riic aix)ve chart .shows the tremendous 
importance of organic chemistry for the 
growth of national economy, Moreover, 
it also explains the rapid development 
of indmlrial organic chemistry. 

The term Organic Oheinistry was in- 
troduced iu IH07 by Bcizeliusb It was 
associated with the wrong idea, that 
organic sulistanccs «ndd be foniicd only 
in living organisms, It was called vita- 
lislic theory (in I^atin vita means life). 
Thi.s theory postulated that all organic 
substances could he formed only in liv- 
ing organisms under the influence of a 
.special agency called Vital force.' 

In 1828 Wohler, a student of Berze- 
lius, synthesised urea (a product of me- 
tabolism in living organisms) from in- 
organic substances. 

Though the concept of ‘Vital Force’ 
was thus proved to be wrong, it toolc 
quite some time for the contemporary 
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climnists to discard it. However, the 
term Oiganic Chemistry continues to be 
in us(> even now. 

Many attempts were made to define 
the elraractcristics of organic substances, 
In 1889 Schorlemmer proposed a defini- 
tion of organic chemistry that is widely 
n,s(xl iio\v-a-days. 

Orgmiic Chemistry is the chemistry 
of hydrocarbons and their derim- 
tiers 

In spite of all attempts to define 
Organic Chemistry and organic subst- 
ances, no shai-p boundary can be drawn 
c\'en now between inorganic and orga- 
nic .substances. Yet there are some rea- 
.soiKS for treating oiganic compounds as 
a .special class. 

1. One of the main reasons for still re- 
gaiding organic compound.s as an indi- 
vidual group is their unusually large 
numlier. At piesent the number of 
organic substances has reached about 
four millions, whereas there are only 
ahoul 200,000 inorganic compounds. 
The carbon-carbon covalent bond in the 
compounds of the general formula 
CII.1— (Clla) n— 2-0113 is very stable. 
For example, the hydrocarbon (polye- 
lliylene) con.sisting of about 1000 car- 
bon atoms (n=:1000) has been prepar- 
ed. In contrast to this, tlie maximum 
number of silicon atoms in a stable com- 
pound of the general formula SiH»- 
(Silla)n— 2 SiHo is only six (n=6). It 
is all the more surprising since silicon 
i,s the. closest neighbour of carbon in 
the Group IV of the Periodic Table. 

2, A large number of organic com- 
pounds is not stable to heat at or above 
300— 400°C, whereas most of the inor- 
ganic ones are quite stable in this tern 
peraturc range. It is easy to demonst- 


Fig- I 
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(ate, for example, that while sugar and 
starch char on heating, common salt 
and caustic soda do not d«>coini>osc 
under same conditions. 

3, The stnicturc of mo.st organic com- 
pounds is more coinidcx than that of a 
majority of inorganic one.s'. For ('xam- 
ple, the molecular weight of iKjlyelhy- 


lene is about 10,000 while the molecular 
weight of most inorganic compounds is 
mneh less. 

4. The speed of oiganic reactions is 
in general much less than that of the 
ionic njaclions of inorganic substances. 
A very siinph> example illustrates the 
diffeiences. 


AgNOj -H Nad **^*** -— » ■ AgCl|,+NaNO^ 

Alcoholic sodium 
solution chlorlds 


AgNO^+ C^HgBr 

Aleoholle ethyl 

solution bromldt 

Fig, 2 


Besides a difference in the reaction simultaneously in a number of way.s 
rate, most oiganic reactions differ from fomiing different products. For ex 
inorganic ones in that they proceed ample, in the reaction shown below: 



Ethyl oleohol Ethyl alcohol 


Cotolyst 

-Hz 

-2H2O 


HjC 


CH — CH = CHg 
Butodleno 


Polymorisotlen 
— —r 


Synthetic 

Rubber 


Fig. 3 
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I hi- Jifltl nf hulacli<-nf' is only alwut ino(l<-ni tlu-ory of organic chemistiv 
50%. Thr rruson is tluit alcohtil takes Tin- main points of the modem Am 
part in nllior traiisfonnations at the of organic: chemistry are: ™ 

same timi*. Here arc two sncIi changes: (a) 'Hie conce]rt of cliemical struc- 
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fithyl oleohol 


/? 

C 

\ 

Aettaldahydv 




Dehydration 



Z 

-H,0 

1 

1 

1 O 
! X 


Ethyl alcohol 

Fix- 


H^C 


CH. 


Ethylene 


If the yield of organic product is 
even 50 to fiO^r of iho theory, it is con- 
sidered as satisfactory in most cases. 

Let ns now cottsider some of the 
main tlicoreticsil concepts of Organic 
Chemistry. 

Organic .substances like alcohol, vine- 
gar, natural dyes had been known for 
a very long time. Tlie development of 
theoretical concepts about the nature of 
organic compounds, liowcvw, started 
only at the middle, of the 19tb century. 
Here arc some most important steps in 
this development. 

A. In 1857, Kekule and Kolbc stated 
that the valency of carbon is always 
four, 

B. In 1857, Kekule and Couper inde- 
pendently drew attention to the fact 
that carlx)n atoms have capacity to link 
with one another to form long chains. 

C. In 1861, Butlerov stated the 
theory of chemical structure of organic 
substances. Tin’s theory is the basis of 


ture which includes: 

(i) Tin* nature of atoms which com- 
]X)S(> the molecule; 

(ii) The order of their bonding; 

(iii) the nature of the bonds. 

( b ) nie properties of a substance de- 
jwnd upon its chemical stnicture. In 
other words the formula of a substance 
expresses not only its chemical structure 
hut also .some of it,s properties. 

(c) Tlio chemical properties of indi- 
vidual atoms in the molecule depend 
upon the nature of other atoms (the 
concept of mutual influence of atoms). 

The following examples illustrate the 
above ]_x)ints of the modem theory of 
organic chemistry. 

1. Here arc the formulae of three 
different oxides— SOa, COa, SiO^., These 
oxidtvs are built from oxygen and an 
atom that is different in each case. So 
they have different structures and be- 
cause of their different structures they 
have different properties. 
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2, The mok'ciilar formula of butane 
is C 4 Hio- This formula indicates that 
a molecule of butane is composed of 4C 
atoms and 10 II atoms. Thcoictically 
two strucluial formulae can be written 
corresponding to the abos’c nioleculai 
foimula, One can wiite these strnclui- 
al formulae by starting from the .slruc- 
tmal foimula of proiiane and then re- 
placing an n atom with Clla group. 


The properties of iso-butane differ 
from the pioperties of normal butane 
due to difference in order of bonding 
of carbon atoms In this case the dif- 
feienl order of bonding leads to dif- 
ferences m propel ties (B.P. density, 
chemical propcilics etc.) 

Tlic example of the two butanes will 
now be msed to illustrate another im- 
poitant feature of organic compounds. 


H H 


-C-C-C — H 


H® h' 
I I 


I I I 

H CHa H 

Iso-butane 


H replaced 
by CH3 


H H H 

1 st type 1 1 I 

■ 4 - H-C-C-C-CH. 


'5 '4 '3 


propane 


H replaced i 1 1 

bycH3 H H H 

n-butane 


Fig. i 


There aie two types of II atom.s in 
the propane molecule. 

H atoms (1, 2, 3 and 5, 6, 7) attached 
to the two primary carbon atoms are 
of the first type and H atoms (4, 8) at- 
tached to the secondary carbon atom 
are of the second type. 

Correspondingly, the replacement of 
H atom (any of 1, 2, 3, 5, 6, 7,) would 
give one type of butane (n-butane), 
and the replacement of another II atom 
(either 4, or 8) would give anotJier type 
of butane (isobutane). Both these iso- 
mers are known, 


Tliis is isomerism, Both n-butane and 
iso-butane have the same molecular for- 
mula CiHro and yet they have different 
properties. They arc isomers of butane. 

Isomers are substances, hamng the 
same molecular foimula, the same 
molecular weight, but different struc- 
tures and propenies. 

There are diffeient kinds of isomer- 
ism such as; (a) Skeleton or chain 
isomerism e.g. n-butane, isobutane 
(refer to fonnulae in Fig, 5) 

(b) Isomerism based on the posi- 
tion of the functional group, (fig. 6) 


H H H H 

I4 I3 la i| 

H - C — C — C~C — OH 
I I I 1 

H H H H 

Butanol —i 


H H H H 



I I I I 
H H OH H 

Butanol- 2 


Fig 6 
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(c) Istimcrism ba’icti nn ihc pusitinn of multiple bond (lig. 1 ) 





But-®ne — i 


/w. 7 


Qutene— z 


8. C'tnnparins' the fonimhio of ethane .uul etliylene one ean see, that a dif- 
ft‘reiice in the nature of bonds leads to a difference in the properties. For 

H H 

I I 

H-C— C— H H™C=C~H 


Cthqn* EthyJ*n« 

/(*» .¥ 


in.slance, thylene reaet.s veJlh bromine water rr'r>' easily. In contrast to ethy- 
lene, ethane does not react with bromine under the above conditions, Sab- 
slances' like ethane arc called “saturated” hythocarhoiis. 


B I* 9 2 ^ 

CH « CH„- — ■ > BrCHp— CH„Br 

“z ^2 I Bromine Woter) ^ 

I j 2 "Dlbromoethone 

Fig 


H 

I 

H ~ C — H 
I 

H 

Mathone 


H 

I 

H — . c — 0 — H 
I 

H 

Methyl alcohol 


F/s. W 
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4, Let us compare the following sub- 
stances. (Fig. 10) 

In methane all hydrogen atoms are 
directly linked with the carhon atom, 
In the case of methyl alcohol only three 
hydrogen atoms are bonded with the 
carbon atom directly, The. fourth om* 
IS connected with the carhon atom only 
indirectly through the oxygen atom. It 
means that in methyl alcohol these two 
types of hydrogen atoms should have 
drfferent properties, In fact one can ac- 
complish the following reaction rather 
easily with methyl alcohol; 

2 CI-l 30 H-(- 2 Na -> 2011301 ^ 0+112 

Methane, on the other hand, docs not 
react with metallic sodium under the 
same conditions. 

5. The concept of mutual influence 
of atoms is well illustrated by the fol- 
lowing example: 

Acetic acid is a rveak acid with a dis- 
sociation constant = 1 '76 X 10“5 


Earlier it has been mentioned that 
one of the reasons for the existence of 
a large number of organic compounds 
is a high .stability of the C— C covalent 
bonds. Let us now consider why this 
bond is so stable. 

The unusual stability of the inert 
gases IS well known. Hiis stability is 
due to the structure of their outennost 
.shells. All inert gases have eight elec- 
trons in the outermost shell. Only one 
of them— helium, has two electrons in 
the outermost shell. 

Let us compare the electronic con- 
figurations of the outermost shells of 
helium (I) and neon (III) with the 
electronic structure of ethane (II) for 
instance: (Fig. 12) 

From this scheme one is led to con- 
clude that the C— C bond should be 
cpiitc stable because both atoms of car- 
bon are surrounded by an electron octet. 

At the same time the C— H bond 
should also be strong because electro- 
nic stnrctures of both the carbon and 


CH3- C 


\ 


Acetic acid 


OH 


0 


/ 

F - CH - C 

" \ 


. OH 

Fluoroacetic odd 


Kp X 


10 


1-76 


Kn X 10 = 220 


Fig. 11 


The dissociation constant of fluoroa- the hydrogen atoms resemble electronic 
cetic acid, on the other hand, is 220x10'^ structures of neon and helium respec- 
Tlre much enhanced strength of tively. 

fluoroacetic acid is due to the influence Another important feature of organic 
of the fluorine atom. (Fig. II) compounds depends upon their spatial 
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ctmfiRnratinn. I,<t >is laki' up mi'lliatu' 
as ;ui 1 ‘Mitupli' and cunsiclfr luivv it ran 
Ik* rt‘pr»'si'nti‘d hy a funiiida: 

(a) Cniji lliis is tin* so-ralird n»n- 
di'iiscd sfnu-liir.d ftmiiula of jru'tham*. 
It is also its nnilt'cnlar furiunla. V<‘r>' 
often inethiuie is lepreseiiled by tbc 
fnllovviiig more el.d>orale formtilae; 

(h) Kleetrcuiie fonniilae 



h: c ;h 

•• 

H 


Fig. IS 

nit* spatial confi^'iiration of metbaiu* 
may be ropre.sent^l as in Fi^. 14. 

Tlie bond anj];le I Kill i.s e(pial to 
109'’2ii’. Under the above any;ular eon- 


H 



H 

Fig. 14 


ditimis in inetliane molecule, the atoms 
of ludioneii exeit least possible in- 
fhu-nees upon one another, Homologues 
nf methane also Imvc the same 
vahi(‘s of bond angles. For in. 
stanee. the eaibon skeleton of n-butane 
is lepreseiited a.s follow.s; 

iT |2 i3 ,4 

— C ~C— C— c- 
I I I I 

Fi/^. ISa 



fig. I5h 

Bond angle is approximately equal 
to KW". 

X-iay analy.sis has shown that the 
distanee between the centers of C and 
II atoms in tlu; bond C-H (let this dis- 
tance be r) is' less than the sum of the 
radii of Cl atom (i-c ) and H-atom (’’H) 
Tims one can wiite mathematically 

< 'h + 'h 

Fig. 16 

It .se<>ins that the common pair of ele- 
etions draws the centens of G and H 
atoms nearer to one anothei, 



Fig. 17 



XA'IlniF. OF OnftANIC COMPOUNDS 179 

In conclusion it may be strc.s.sed that is a rapidly growing research frontier of 
it is not possible to thiow light on all organic chemistry which is still engag- 
problems of stuicture of oignnio com- ing the attention of top-most organic 
pounds in a short aitidc like this. It chemists. 

Biographical Notes on Berzelius, Wohler, Kekule, Kolbe, 
Cotiper, Butlerow and Schoiiemmer 


1 , Jons Jacob Berzelius (born 20 August, 
1779 in Vaversunda, Sweden, died 7 Au- 
gust 1848 m Stockholm). Has paients died 
when he was young Berzehu.s was 
brought up by hib step father. At the age 
of 17 he left the .school. The headmaster 
reported about Berzeliu.s that there was 
‘little hope for him'. In .spite of this poor 
opinion, he graduated fiom Uppsala Uni- 
versity with a dissertation on ‘mineral 
water’. At the age of 23 he received his 
M.D on a thesis on medical applications 
of galvanism. 

At the age of 28 Berzelius was appoint- 
ed Professor of Medicine and Pharmacy 
in the School of Surgery in Stockholm A 
year later he was elected a member of 
the Swedish Academy of Scionco.s. Ten 
years later, at the ago of 39 ho rose to 
the rank of a Joint Secretary of this aca- 
demic body 

Berzelius’s main aim in all his experi- 
ments was to find support for Dalton’s 
atomic theory and hi.s own electrochemi- 
cal theory. According to Wohler, Berzeli- 
us’s Laboratory consisted of 2 rooms 
Without furnaces, fuohs, water or gas. In 
this modest laboratory Berzelius invent- 
ed many types of apparatus (e.g, retort’ 
stand with rings, triangle support for 
crucibles, glass spirit lamp, screw clamp, 
wash bottle with a single tube) which 
were later on accepted as if existing from 
the earliest beginnings of experimenta- 
lion in science. 

In spite of the poor laboratory condi- 
tions his experimental work covered 
wide areas in chemistry. He published 
over 200 papeis and notes. 

Berzelius was a great systematizer in 
chemistry. His dualistic (electrochemical) 
theory about the nature of compounds 
helped to co-ordinate a large number of 

1 Prom A History of Chemistry, Vol, 4, 
by J. R. Partington 


facts in chemistiy. Berzelius was slow 
thinker — which was probably necessary 
for systematization Wohler says that 
Berzelius on seeing a hasty experiment 
would remarlc ‘Doctor, that was quick 
but bad’. 

2 Friedrich Wohler (born 31 July 1800 
in Eschershem near Frankfurt in Ger- 
many-died 23 September 1882 in (Sottin- 
gen) was the son of a veterinary sur- 
geon. In 1823, he took a medical degree 
but decided to be a chemist. It is said 
that Wohler never attended a formal 
course m Chemistry m his life. In 1823-24 
he spent about a year with Berzelius in 
Stockholm In 1825 he became a teacher 
in a Berlin Technical School In 1835, he 
visited England and met Faraday who 
thought he was meeting Wohler’s son, 
because of his youthful appearance, 

On 22 February 1828, Wohler wrote to 
Berzelius saying 'I can make urea with- 
out the necessity of a kidney or even of 
an animal, whether man or dog ’ 

Liebig regarded the discovery of Woh- 
ler as ‘the first beginnings of a truly sci- 
entific Organic Chemistry’ Commenting 
on the effect of this discovery Kolbe 
wrote, ‘the natural barrier which until 
then separated the organic from the in- 
organic compounds had fallen, and a clas- 
sification of chemical compounds into or- 
ganic and inorganic in the earlier sense 
had no natural basis. 

3. Friedrich August Kekule (born 7 Sep- 
tember 1829 at Darmstadt in Germany 
and died 13 July 1896 in Bonn) studied, 
in 1847, aichitecture since he was talent- 
ed in drawing and mathematics. The in- 
fluence of Liebig (1848-51) drew him to 
chemistry which he studied in Paris 
(1851-52), While in London (1854-55) as 
a research assistant he brought out his 
structural theory of molecular architec- 
ture. 

Kekule later said that the idea of the 



w II s< I SI I’ll Mm ii/!iic:i-Miii,n 19fiS 


1))^;..' , i4 i stall? I nmirmi tn liiin 
n, " l''j, ».f },< n islliinbll' f»H it 

.^>1 >1 t’.t'.iW, I'i 151 >4 Hit J I' ills! d*'*-* 

( !’I 1 J'-H ’ f ijf 1 ".^ 

i S « '5 ts/'i ,i }!"'(!!<’ Tine jiiMj’tr; wna 
}' ,tr,i ' iHji {' j'i',y <)* I Si <i| jiSv.Syo 

HI fSi-i (• Mii.iSl 1 n'in>^, 

S'Ht I I'.ifii jFV'r <i tn di ntvttsnu 

th** i?;/?!?!' '4 i5ii“.r Ji'.ttlvm Nmv. Sinwt'vtv 
1 »\v Liav, iirqtsniMVi Uvtt 'iissUtr 
iinj f'«S tit !«nm :t jaiU, Itnw a lajirr mu* 
rsnltrau'iS Ustt '.titaSlvr h(W .a still 
Istjtfr tiiKi luikl ttf tSuci* fir ^vvn Imir 
»f (iti* sinailtT; whilst the \vluil<* kcjil 
whirlmit 111 a I'uUSy flann*. I saw !if*\v flic 
Ifirjjcr rales friuiu ri a chriiii and l!if sniah 
Icr fims hunu im aidy at the end of the 
chain'. 

Hi' was awiiki'iicd hy the call of the 
enimlMis cmidiniiH' and spent part of the 
imthf piitlmt; 'ketches ef tSie dii'ani pie- 
uics an paper: "Sti ance llie .slruclure 
theory'', 

4, Hermann Knllie (linni 21 Seti'emher 
IklH near (hillui)'en, Germany, died 25 
November UitM near U’ip/i«. Clernumyl. 
Ho wa*! eldest of the Ift rliildreu of a I.U' 

• heran pastor. At the ap.e of 20 he stU" 
(lied under Wohler, and worked as an as- 
sistant to Bunsen when he wii.s twenty 
four, Ho .suecedccl Bunsen as Profisssor 
at Marburp in 1851. 

Kolbe was an outstanding experiment' 
er and also a very sucees,sful teacher. Hi.s 
Icxt-books are very weU-arrnnKed. Kolbe* 
wias very critical of using loose and am- 
biguous oxpre.ssiQn.s in scientific papers. 

Ko’bc wa.s a pupil of Bunsen and a fol- 
lower of the views of Berzelius. Kolbe 
was a straight-forward and fearless man. 
He never failed to express his opinions 
even if it opposed those in authority. 
Throughout the period of the development 
of the ‘Tyijq Theoi’y' by Wurlz, Kekule 
and others, he vehemently opposed it. 

5 Archibald Scott Couper (born 31 
March 1831 and died 11 March 1892) stu- 


died III Kdinburgli m his early years 

lie; y'? ''’r' i» >•« HeXS 

as an assistant i, 
bif, mind gave way and he neve? 
fully recovcied 

(‘mtper liekl that carbon has two high, 
y di imclive pr(ipei1ie.s (i) it combines 
’.Mill rtimii miinbcr of equivalents ofhv 
diogon. chloriuo, exygun, .sulphur etc and 
tin It ontcia into chemical union with 
il'idf (oupor .said 'These two properties 
III my opinion explain all that is chaiac- 
torii.lic of Organic Chemistiy. The se- 
(Oml [iropcrty is, so far as I am aware 
boon .sigmdisod for the first time' 

8. Alexander Michairlovich Butlerow 
I born 1) .Sciitcmber 1B29 and died 17 Au- 
fpisl .studied under Zinin but was 
essfiUuilly scH-laught He was Professor 
in K.i/an tlHS'i) and St. Petersburg 1868) 

Ib' prniwsed the term 'Chemical struck 
tuic' (chcini'irhe slrukluv) in place of 
'oouslUiUion' huggesled by Gerhardt, He 
a'.sunu'd the teiialiedral arrangement of 
(Mition valeneie.s. 


He pioiiOM'd tlu' law: Two molecules 
with the .same empirical formula are iden- 
tical when the chemical relation of every 
single atom to other elements (not to de- 
finite Plomenlary atoms) ].s the same. 

7. Carl vSchorlemmcr (born 30 Septem- 
Iht 1834 :il Durnisladt and died 27 June 
]i!!)2 111 Maiiehe.ster) after studying phar- 
macy at Heidelberg went to Giessen in 
1851) wliere he .studied chemistry. Later, 
be beeamt' Ros'co'.s assistant in Owens Col- 
lege Manchester and in 1874 became Pro- 
fessor of Orgiinic Chemistry there-the 
fir.sl ebair of its kind in England. This 
eluiir he occupied until his death 
Here are two different reactions to 
Schorlemmcr us a teacher, 

Kitiping s:iid 'Schorlcmmer read his 
lecluroa without emphasis or pause from 
note.H held close to hi.s no.se’ but Smithells 
.said ‘they were an awakening to the gen- 
uine atudent’. 



A Physical Principle - 
Paradoxical but 
Fundamental 

CiniOTAN SiNGtl 
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D E BROGLIE’S hypothesis of matter 
waves was the starling point for a 
new tlicory called “wave mechanics,” 
which resolved the wave particle dis- 
crepancy, 

Erwin Schrodingcr dci'clopcd the hy- 
pothesis of matter waves into a gene- 
ral and precise theory for the descrip- 
tion of particle motion, lie imt the hy- 
pothesis in mathematical form by deve- 
loping a “wave equation" of the type, 

tjj 2rn 

This is a com- 


plicated dilTerential equation. Besides other 
quaiitilies, it also includes a quantity 
which corresponds to the ampli- 
tude of nrdmaiy waves. In general, the 
solution of any problem involves solv- 
ing the wave equation for at the par- 
ticular piliicc and time. A question im- 
mediately arises: What is the physical 
signilicance of the quantity ? Max 
Born's inteipii'etation is drat die value 
of t|) at any place determines the pro- 
bability of finding the particle there. 

The idea of probability is not new in 
physical science. We first encounter it 
in our study of die kinetic theory of 
mailer where we talk about the most 
pirobable and average velocities rather 
than the velocity of one paiticular 
molecule. The idea of probability is 
also central in our discussions of re- 
action latcs, both chemical and nuclear. 
Before the advent of wave mechanics, 
however, this need to talk of probability 
was considered to be due primarily to 
our deficiency in observation rather than 
to a fundamental piinciple. In accord- 
ance with Newtonian mechanics it was 
thought that with sufficiently precise 
methods, the motion and position of 
any particle could be observed exactly. 
Wave mechanics, on the other hand, 
does not make this claim of exactness 
ill such measurements in spite of the 
best sophistication in instruments and 
techniques of measurement. This stand 
of the wave mechanics, gave birth to 
a fundamental physical principle of 
quantum mechanics. It is known as the 
uncertainly principle. It was enunciated 
by Werner Heisenberg in 1927. It 
states that pairs of cannonically canju- 
gate variables exist in physics which 
have an ultimate error imposed jointly 
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iht'ir (lr!( rmilicil vahtcs. Tin* nitist 
cttrnmnii ui (.uijiiKatc variaUIrs (if 
Mich )>{(*• arc (a) pusiHuti, x and iiin- 
mcnimii, p and (b) cntT^y {.and time t. 
Thtsc tnnjni^.ih* \analiits arc rnnnccl- 
♦ d (piaiUilaliVtdy li) tlic nnccilainty 
pnriapk a*<. Ap^ Axsih aiul Ai- At=;h 
Here, Apn and A\ arc the Mnmltancous 
miccrtainlicx inp^ and X' Similarly A K 
A I arc tlic xininUanctnis nncertainticx in 
llic jiicasiircniriU of 1C and I where m 
h is planck’s constant hi-sfv62x 10 
joules .sec. 

It is esident tliat the uncertainty prin- 
ciple is stated in terms of a product of 
uncertainties, svliich is of the order ol 
Planck's tsinslanl, h. The error imposed 
is thus’ a joint, nr rccipriKsd properly 
of the two variables taken lofielher. 
k'or example, one can make an indefini- 
tclv iifenrate incasnrcincnt of nionicn- 

r 

turn hut such a measurement would im- 
ply correspondingly large uneertainly in 
the measurement of tlu' po-silion of the 
particle. 

An important feature of the uneer- 
tainly princijile is that it i.s indeed a 
principle of physics and ha.s nothing to 
do with tlic details of experimental aji- 
paratus. For any real experimental mea- 
surement, of course, the cnidity of the 
measuring instrument gives rise to a 
range of error in the measurement. For 
example, in weighing an object, friction 
in the hearings of the balance imposes 
a limit on the sensitivity of the balance. 
Similarly, in the cast: of mea.siuing 
length, the measurement can not he 
made more accurate beyond a certain 
limit dependent upon the fineness of 
ihe scale divisions. However, this type 
of error, can be improved upon by 


hnildmg hctlei mca.sunng devices. In 
priiu'i[ili's, one can alway.s unagine an 
app.iiatiis in cla,s,sical physic.s, whicli can 
make measurement to any finite acema- 
(V. In classical physic.s, cons traction of 
a measuring appaialus of any finite pie- 
cisiun is only a matter of caic and ex- 
pense. 'Ihe uncertainly principle, on 
the uther hand, i.s a different kind of 
slalemeiil It implies that any kind of 
iite.isuremeiu contains a built-in error 
which can not he imirroved upon, no 
iiialter what the .soirhistieation of the 
iiKsisnring appaiatus. The uncertainty 
relation is thus a theorem concerning 
the iiatmal limitation of all measure- 
ment, To repeal, one can not build a 
measuring des iee whicli will make a si- 
iimltaneous measurement of position 
and veloeily to any greater accuracy 
than is implied in the uncertainty priii- 
ciide. From the .stand point of microsco- 
I>ie phys-.es, the uneertainly principle is 
•a eiirinns slalemeiil, and its meaning is 
liilly realr/ed only by considering the 
ha, sic act of measurement. 

\Mieti the position of a particle is 
imsisiircd. in the s'ciy piocess of mea- 
surement. one nuisl devise some means 
to .see the particle. For this, one can 
iKiunce a light photon ofif the parti- 
cle, Obviously, Mich pirocedure disturbs 
die particle .so much that its momentum 
i.s not wluu il was before the position 
men,suremeiit. Hence the accuracy of 
llie nieasuremeiit of position is achiev- 
ed at the cost of the measurement of 
the momentum of the pailiele. 

Of eoiu'se, .some examples in classical 
pliy.sies, loo, can help to understand tlie 
nature of uneertainly principle. Wc, 
■somelinies, observe that the very act of 
measuring disturbs the object we are 
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tiyiiijr to mensiiK-. A voltmeh'i placed 
across a circuit mn)' draw- a siriall 
amount of cunont and so lower tlie ori- 
ginal potential clifFerenee .sliglitly. Si- 
niilaily a tliermoinelia used foi record- 
ing temperature of a body alter its lean- 
peiature dining the process ol ineasiire- 
iiient of the lenipcialurc. 

Of course, the uncertainly principle 
imposes significant uncertainties only in 
llie microscopic realm. For example, the 
uncertainty in mcasiiromenl of position 
of a mass of 1 kg whose velocity has an 
uncertainty of 1 ni/s is about lO'^hii, 
a distance some 1(F‘ times .smullei 
than the ladius of the (‘lectrnn. How- 
ever, for an electionin orhil in a hydro- 
gen atom, tlic iinceilaiiity is of the or- 
del of m ahoul the size whieli 
is usually iiscrihed to atoms llicmselvcs, 

S.milaily, if we take 1 .second lo mea- 
sure the gravitational potential energy 
of a block of wood, the uncertainly in 
mcasuiement can he as .small as 10 
joules, hardly enough to worry about. 
On the olliei hand, if an luistaldc yrar- 
ticles decays in .second, then the 


imcerlainly m the time dining which 
we mcasuic its energy cannot be larger 
than that and therefore, the uncertain- 
ty in encigy is iQ-! 2 joules that is about 
lO’ev, which can make a diFeience in 
the nature of the decay process itself. 

Tims, we sec that modem physics 
extends its horizon, s far beyond the 
evmyday expciicnce upon which all the 
con]mon’.st'nse ideas of classical physics 
weie based and we are thus bound to 
find sinking deviations fiom our con- 
ventional way of thinking and must be 
piepaied Lo encounter facts that sound 
([uilc paradoxical lo ordinary common 
sense. Quantum mechanics is basically 
statistical in nature and hence the iin- 
ccilaiiity inherent in the quantum me- 
chanical description of nature can not 
he oveicomc by cxpeiimental ingenui- 
ty. Many attempts have been made to 
find logical escape fiom the lestrictions 
imposed by the uncertainty piinciples, 
but no one has evei succeeded, Fur- 
thennoic, the restrictions agree with 
the results actually observed in experi- 
ments with elementary particles 



Prol)ii\|^ The vSecrcts 
of The vSolar Systcmn 
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OCTOBER 18 iit 4 hours 3t mi- 
niilfs uuivcTSul lime the Soviet in- 
tci-planelary probe Venus 4 coinpleled 
its 128-clay, 350-milHon-kilometor jour- 
ney over a heliocentric orbit and re- 
leased a 383-kilogrammc instrument 
pack for the final descent by paraeliutu 
to the surface of the mysterious planet. 
Automatic devices measured the pres- 
sure, density, temperature and chemical 
composition of the Venusian atmosphere 
and relayed the information back to 
Earth. 


The soft landing thus effected on 
Vimiis- a filtiiig accomplishment in this 
jnhilfc >ear of October Revolution- 
marks a new stage in the systematic ex- 
plouitioii of the solar system under- 
t.iki-n by Soviet seii'iilists. It was pre- 
ceded by the first soft landing on the 
Muon hy the Soviet Luna 9 and the 
othiHing of tlu* Moon’s first artificial 
.satellite, Luiia 10, last year. 

'I'lie trajectory to Venus, or to any 
other planet of the solar system for that 
uuilter, can he worked out practically 
for any lime— tlianks to electronic com- 
puler.v and our knowledge of the laws 
of eeleslial mecli:mic.s', But because of 
tet’lmieaf oniisideratioiis the launcliings 
must be made when the Sun, Earth and 
Venus slanil in a definite relationship to 
one auother. 

The most favourable junctures recur 
roughly eveiy 19 months, the time it 
takes for ^T•nus■, which makes one le- 
voliUiou around the Sim in 224.7 terre- 
•s'trial tl.iys, to u;turn to the same refer- 
ence position in the sky. The duration 
of eaeh opening is about 14 days. This 
.sets the timetable for all launching sites 
in the world— the Soviet as well as the 
American, 

So far six space vehicles have been 
fired at Venus. Tlie first was on Febu- 
rary 12, 1961, when the Soviet Venus 
1 wa.s launched. Tlic next opportunity 
in the sunune.r of lf)62— was used by 
Uk! U.S, scientists to send Mariner 2 on 
il.s way. The spring 1964 opening was 
skipped, but in November 1965 tl'e 
Soviet spaci! vehicles Venus 2 and Venus 
3 were launched. And in mid-June this 
year the Venus 4 and Mariner 5 were 
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sent out witliiu two clays of oacli othoi. 

The long intcivals hcLwcon fa\'ouia- 
ble junctincs post; acldcid difficulties be- 
foie scientists and dcsigncis. To build 
and launch a space; vchiclo icquiics the 
concentrated labour of thousands of 
specialists and substantial niatcuial ex- 
penditures; every detail and contingency 
has to bo given due thought in advance. 
But it must also be n'lneinbeicd that 
missing an opening would put off the 
project, in tlie case of Venus, for inoie 
than a year and a half, in other words, 
mean the loss of precious time. Hence 
maximum use should be made of every 
opening. From this standpoint the 
Soviet ‘double sliol’ of IfJGS wlien two 
probes with diffeienl assignments weio 
sent olf was of exceptional interest. 
Venus 2 and Venus 3, the first to carry 
the Soviet emblem to the planet, pro- 
vided data which ensured the succc.ss 
of Venus 4, 

The llight of Venus 4, a ‘flying labor- 
atory’ weighing 1,150 kilogrammes, 
threw new light on the physical proper- 
ties of outer sjpacc. Venus was found 
to be surrounded by a faintly delecta- 
ble hydrogen corona, and a lack of 
magnetic field and ladiation belts, 

The magnetic field and radiation belts 
of planets are correlated to their a.\ial 
spin. Radar studies show that the 
Venusian spin greatly differs from that 
of the Eaith; the rotation is in the op- 
posite direction and the Venusian day 
equals 243 of ours. However, observa- 
tions made by French scientists at the 
Pic due Midi high altitude observatory 
reveal a far faster rate of rotation of 
the planet’s cloud cover— with periods 
of four teirestrial days. The discrep- 
ancy between the two made it difficult 


to say what really was the speed of 
lotation Now the absence of a magne- 
tic field and lacliation belts established 
by Veims 4 may be taken as indirect con- 
fiiniation of the ladar findings. The 
ojitical ohscn'ations ihcrefoic suggest 
that the atmosjohere of the jplanet is in 
a state of violent Imbulence. 

Highly important is the information 
obtained on the poroperties of the Venu- 
sian atmosphcic. The transmitter of 
the imslniinent pack began woiking at 
a height of 26 kilomcties and continu- 
ed sending back data for 94 minutes 
until the landing, when some inter- 
feimicc with the antenna blacked out 
the .signals. During the descent the 
temperalurc ranged from -f-dO to +280 
degrees centigrade and the atmosphe- 
lie j>icssmc from one to about twenty 
times that on Earth— a seveie test in- 
deed for (lie instruments. 

To asccitain the composition of the 
atmosphere, five of the eleven gas ana- 
lysis capsules took tests at an altitude 
of 26 kilometres, as soon as the para- 
chute opened, and the remainder at 
.some 23 kilometics. The findings may 
therefore be considered reliable. 

Tlie Venusian atmosphere, it was 
found, consists almost entirely of carbo- 
nic acid gas, with an oxygen content of 
0.4 per cent and water vapours account- 
ing together with the oxygen for no 
moic than 1,6 per cent. The analyzers, 
with a threshold sensitivity of 7 pei cent 
did not detect any nitrogen 

This came very much as a surprise. 
Hitherto Venus has been regarded as 
the Earth’s twin planet. For one thing, 
there were the similarities of size and 
ma,s.s, and other resemblances were con- 
ceivable. Now there aie far less giounds 
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As i.»l .Is V« nils is inliis ninl. ssf' liiisi- 
u«m isiKUt! till frimi u**' tn thi' 
siilu! liiniuuKuirk tif f.iits Only vi's- 
IcnLis tSir Sisrl.ur of llir pl.inrl vv.is 
\isn.iliAii ItJ sonir ,is a sisin In ti, walcr- 
Uss lU'si’jl anil Us nllii'ts as a sast, 
iKimiilliss nuaii. R.uliii avlionnnn'rs 
fiitmtl rsitli iKf III i-xtri'iin'ly UiMli sin- 
1 , 11 . 1 ' tcniiM-raturi's, liul lliis was unis- 
liniU'tl nil fill' finninds iliaf tin* linilinijs 
uiiilil wi'll lias I' Ut*i'ii iilfi'ili il liy an 
miuisplii'ri' nt ili i tiiial distluijii's in ihi* 
almiisplii'n*. As fui afiiinsiiliiTU' jurs- 
stirr, flic raiift,!' was riiiirinuns, tlioii)ili 
most insi’sliftiitiirs svi-n'. iiitliin-d to ac- 
wpl a nincU'riitt' im'an in flu* in*i|Jtli- 
IxinrlioiKl ot fivi' terrestrial utniospliertss 
at the surface. Today Venus 4 has pro* 
vklecl the researelier ssith reliable ex- 
perimental data to Ko by. 

Tile aims pur.sued liy the T.S. spaa* 
researc'her.s in luimehin}^ Mariner .'i. 
whit'll aniused pa.st Wnii.s' at u distance 
of 4,000 kilometres one day after the 
Soviet probe made its .soft landin|i, 
weri/ similar to those of the latter, 
though the methods used were, indirect 
instead of direct. 

At one time it was ihonghl the Mari- 
ner programme, under which two sue* 
cessful humt'liing.s (one to Venus and 
the other to Mans) were made out of 
four, had been completed. It was to 


be InlinvsiM by the Voyager project, 
'Mth till- fiisl test launching sclieduleci 
bn bifiO . 111(1 the initial interplanetary 
■diMt for But linuncial difficulties 

luisi tlniidcd the ptospecfs and the pro- 
i'r.imnie will not gi't under way before 
ITT.!. 

r„S. siuet' scientists, however, were 
.lU.imst w.uling until 1973 and urged 
fli.il iMtlii-r openings' be utilized in order 
til ni.ike good, at least to some extent, 
till' I.ig ill till' American Venus and 
M.ns piogi.mmu'.s. Owing to this pres- 
sine it w.is decided to send up a left 
over twin of Mariner -1, a 2‘45-kilogram- 
me seliicle with limited capabilities, re- 
eliristciii'd Mariner 5. 

Till' leiiowiii'd Hnssian astronomer V, 
K. Tsei.isky oiiee said that astronomy 
liies in ibe past but works for the fut- 
me, nii’.miiig tlial must a,slronomical 
obsenations aeipiire added value with 
tbe passage of time. The most ac- 
curali’ obscnalions made singly cannot 
lake lilt* place of sy.slematie studies over 
long periods of lime, for only these can 
liaee tbe evolution of tbe law-govern- 
ed regularities of nature. The solid 
foundation on which modern astronau- 
tics rests, for instance, is the cumula- 
tive product of paiiKstaking astronomical 
obseivaiioiis os'cr the centuries, 

A.slrmiaulies, like a.stronoray, is pro- 
jeelecl into the future, The initial 
(lights to the Moon and planets of the 
•solai .sy.slem of which wo are the wit- 
nes.ses- hold out the promise that the 
time will come when they will he mas- 
tered by man. 



Eva since man cnllivated land to grow his food, 
he has had to wage wai against weeds which 
competed wiih Ins a op foi light, water and 
imtneiils, thus ledncnig the food available to 
him and his family. The methods of cultivation 
oj Ins land have evolved in such a i\ay as to 
minimise tins weed competition and, even today, 
many faiming pi act ices aie directed towards 
their control. With the rapidly nici easing woi Id 
popidalion, pi oviding more food fiom the land 
ts as vital today as it iiw at the beginning of 
civilization. 


The Continuing 
Struggle Against 
Weeds 

B. J. IIiiYwoon 


T he importance of the problem is 
often illustrated by quoting the in- 
creased number of mouths to feed. It 
can also be expre-s-sed in lost harvest; 
for example, it is calculated that in the 
USA alone the annual cost of loss of 
ciops through weed competition is 
about 100 million per annum. Effec- 
tive control of weeds by chemicals is 
comparatively recent and it really dales 
from the first use of organic compounds 
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introduced during the second world war. 
Since that lime, many organic com- 
pounds have been discovered which 
give gicai assistance to the farmer in 
his war against weeds. Over 120 differ- 
ent herbicides are used thioughout the 
woild. 

Weed killers, oi herbicides, can be 
classified, as shown in Figure 1, but it 


Chemicals Toxic lo Plants 


selective toxicity 
i.B not toxic to crop 


■Sr 

herbicides used 
in agriculture 


active 

through 
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post- 

emergence 



noD’Selective 

toxicity 


herbicides used on 
railway paths, roads, 
indusli lal sites 


active 

through 

root 


pre- 

emergence 


Figure 1 

must be appreciated that this is a gen- 
eralised diagram and some can act both 
as pie-emergence and post-emergence 
herbicides. Again, it might be possible 
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sslmli aic the Kisic source of food for 
ill.' sst.ild p(i]iulation. In the develop- 

lisMil Ilf iirw hcrbiddcs in cereals, Bri- 
) mi lias |(I,isi’(l a siginficanl part, 
Frnm aliinit 1916 the phenoxyacetic 
.u xK MCI'A .111(1 2, -l-D, developed by 
Imimi.il flliciiiical liulu.stnc's, weie ex- 
it mn civ used It) tiontrol annual broad- 
li .ifed weeds in cereals, (see table 
lielmv I. These eheinicals brought an 
ciid In ihe eohnnftil cornfields which 
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trolled, .St) anotlier, hitherto insignificant-, 
l)e«)tTK‘s innwrtant as it (loiirishes in tlu* 
less competitive environment brought 
about by the use of tlic herbicide. Wo 
cannot therefore expect a particular her- 
bicide to remain entirely satisfactory 
over the years. 11it> rcvslstant weeds will 
stall to multiply until a stage Is reached 
when it will pay the fanner to use a 
now weed killer, perhaps in conjunction 
with the original one, or perhaps to use 
different herbicides in rotation. This 
pattern of development occurred in the 
weeds present m small grain cereals, 
particularly wheal, oats and barley, 


were, in fact, infested with yellow char- 
lock and red l>oppies and the yield of 
grain was maikedly increased. However 
during the next decade the 2, 4-D re- 
si.stant weeds, which had originally been 
of only minor importance, became more 
uunieions lieeause now they did not 
have to eonipele. to such an extent with 
the other cereal weeds. Tims, weeds 
such as ehiekwi'ed and cleavers not only 
liad the effect of reducing the yield, but 
cau-sed difficulties at harvest, often 
blocking the combine harvester. In 
1956 Boots Pure Drug Co. of Notting- 
ham discovered that the x-phenoxy- 
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propionic acids, mecoprop and dichlor- 
prop, gave contiol of these 2, 4— D losis- 
tant weeds so that again the cornfields 
had a low weed population. Then, 
during the next decade weeds until then 
less important became numeious and 
the faimer was once more looking for 
means to control these economically. 
This time an enliicly new class of com- 
pound, the hydroxybenzonitriles, such as 
ioxynil and bromoxynil, formulas I and 
II (Figure 2), were found to be effe- 



I n m 

Figure 2 


haivested the clover ley is well esta- 
blished, A requiieinent for this farm- 
ing procediue was that the land should 
be clean so that weeds do not take 
the upper hand, but the chemicals 
mentioned above cannot be used as 
they are toxic to the legumes. This 
problem was studied by Professor 
Wain at Wye College and he thought 
that the minor variations in the enzy- 
matic processes occurring between 
plant species could be put to use and 
so improve the herbicide selectivity. 
He aigued from the well established 
fact that both plants and animals build 
up and utilise fatty acids, thus provid- 
ing a pool of energy These fatly 
acids are built up or degraded in the 
living system in units of two carbon 
atoms by means of acetyl groups 
, (Figure 3). Therefore, if the side 


ctive, particularly if used in mixtures 
with the two earlier groups of com- 
pounds. Tire discovery of ioxynil and 
bromoxynil was reported almost simul- 
taneously from Wye College of Lon- 
don University, May & Baker Ltd., 
Dagenham, England, and from Amchem 
in the USA. May & Baker later found 
that the higher esters, for instance bro- 
moxynil octanoate, fonnula III, (Figure 
2), were particularly useful in the Cana- 
dian prairies. PIcrbicides have played 
an important role in increasing the 
average yield of wheat in the UK from 
18.6 cwt per acre in 1940 to 31.7 cwt 
per acre in 1964. 

In many countries it has been found 
advantageous to giow legumes, such 
as clovers, at the same time as the 
cereal, so that when the cereal is 


CH4CHj)nCHj 
eneroY utilisation 
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-CH,COOH 
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CHjICHPpCOOH ^ CH,COOH 


Figure 3 


chain of the pohenoxyacetic acids was 
lengthened by two catbon atoms, the 
plants would remove the last two car- 
bon atoms to liberate the toxice 2, 4-D. 
Thus, with 2, 4-D sensitive plants, 
those plants which remove the two 
carbon atoms efficiently will be killed 
by the liberated 2. 4-D wheieas those 
plant species which have difficulty in 
accomplishing this reaction may only 
liberate 2, 4-D at such a rate that it is 
inactivated within the plant and so 
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!!)> n m 1 t M'l'siUtuin of these compounds 
1 . iff^sihlr (l-’iuu!V b) Tlie prepara- 
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Figure 6 


h«-in Hi iii\yni! aiul Innnioxynil is shown 

III T. 
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Hcinn* liiniiittt lo ntlii-r l«*rl>inrlt v. il 
sill mill In* iKiiittrd niU llml llie ctisl nl 
tin* luTlitVirle is :» vital f.U'lfir ntrtl rc’ii- 
nnrnk- inamifac-lnring rtnites must he 
friuiid if a m-vv lurhidflf is tri 
wide use*. 'Hie preiiaralltiii ttf plit- 
iioxyricrtit' and pliciioxypntpionk* acids 
is .shown in Fi}»nri* ,1. The jircijarulion 
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Figure 5 


Figure? 

.V \i‘iy inipoiiant discovery in the 
hfihu-idi' lifld wa.s made by Imperial 
Clu'iiiK-al Industries, the full impact of 
which li.is yet to 1)0 realised, To 
establish the use of these compounds, 
the problems faced by the theoretical 
chcmisl, the proco.ss development 
eheinisl, the liiologisl and the agri- 
erdlnrist would have daunted a less 
piTsevering c'oinpany, or one with 
sinalh'r lesouiccs, Tlie series is hnown 
as the hipyrklyl gwnp and tsvo mem- 
bers base been ttssigned the common 
names dinual and parariuat (Figure 8), 


of tlie phenoxyacelie acid offers grentei 
diincullies since the classical routes 
would he prohibitive. However, they 
can he made in very high yield by the 
reaction of the sodium salt of the 
phenol with liutyrolaelone. .so the com- 
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Figure 8 
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These materials are very sohiblc in 
water. When applied to gicc'ii plants 
the bipyridyl herbicides cause rapid 
death. On the other hand, application 
to the dark or trunk of a tiec cau.se.s 
negligible damage. Also, when the.se 
compounds fall on .soil, they are. ab- 
sorbed with such tenacity that they are 
completely inactivated. It will be. 
noted that these cninpoound.s arc pyri- 
dine deiiva lives and .so, from the 
manufacturing point of view, it wa.s 
first necessary to cstubli.sli an economic 
metliod of .synthesising pyridine, the 
supplies from coal tar heiiig inade- 
quate. It is expected that the paraquat 
series will prove to Inivo the, larger 
outlet as many of the manufacturing 
problems have already been .siirniount- 
ed and this .series ha.s higher activity 
against gras.s .specic.s which are be- 
coming a more important weed 
problem. 

The suggested mechanism for the 
activity in the bipyridyl series is 
shown in Figure 9. where it will be 



seen tliat an election is lost from the 
molecule hy reduction to produce a 
charged free radical. It i.s believed 
that this cornpoimd is not harmful to 


plants, but on oxidation back to para- 
quat, hydrogen peroxide is fonned which 
is highly toxic to them. The bipyridyls 
are, thtuefore, involved in vital process 
a,s far as plants' are concerned photo- 
.synthc,si.s'. The more the plant utilises 
ligiit, the more effective is the catalytic 
role of the bipyridyl. For tlris reason 
.S(‘leclivily is achieved by limiting the 
availability of the bijryridyl molecule 
to the active site. The bipyridyls are 
n.si-d in operations such as destruction 
of foliage, for instance, to make it easier 
to harvest potatoes by Idlling the 
haulms, or to get rid of leaves to col- 
lect seeds. Even more important are 
m]xlnrt‘.s where paraqua is used 'with 
a residual herbicide so that on appli- 
cation to, .say a potato crop before the 
shoot.s emerge, all seedling weeds are 
destroyed hy paraquat and weeds 
coming up aftci’wards are controlled 
hy the residual herbicide. Another 
largo potential use of these compounds 
rs in the direct destruction of grassland 
and rc-seeding with cereals or prefer- 
red grasses at the same time. It is 
unnecessary to use the plough, the 
remnants of the undesirable grass pas- 
ture giving protection to the germinat- 
ing seeds. 

The manufacture and use of herbi- 
cides in agriculture increases year by 
year— in some countries the increase in 
production is 20 per cent per annum. 
There are many others m use and being 
developed. 

Great attention is paid to the possible 
effects on man, domestic animals, wild 
life and the countryside. Big advan- 
tages in food production are obtained 
by the use of herbicides and it is to tire 
industry’s credit that, even with exten- 
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EDUCATIONAL RESEARCH 
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Third in iho M-rir s of Y<‘.ir Hooks piihli.slu'd by llu* XCIEllT, the present 
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sehol.ir.s have contributed to this volume, 

This Ymr Hook is a must for ediusttional workers and research 
s'cbolar.s as widl as lho.se wlio have a general interest in the subject. 

For r/onr rer/nircmeii/.v. phioe iciUr to; 

Businc.ss Manager 
Puhlicalion Ybril 

National Clouncil of Educational Be, search and Training 
71/1 Naj'afgarh Road 
I New Delhi 15 



extend the uses of a land vehicle to 
MU faces like the sea. 

Tlic fact that Hoveicraft are now 
operating in nnmeiouS places with 
gieal .siicce.s.s cairsed industry to give 
llie air cu.shinn piinciple a long, haid 
look and the air cushion now has some 
striking industiial uses. Hovercraft 
Developinenl Ltd,, for example, have 
come up with the idea of industrial 
lifting pads, a simple example of which 
consists of a fiamework to take the 


Air to the Rescue 


Jamk Lasvrie 


I F you had the mechanical handling 
job of moving a heavy load over a 
floor or surface which was too weak 
to support it, or if you had to move 
a heavy, awkward-shaped or a very 
delicate apparatus over an uneven 
surface, would you use a Hovercraft? 
Perhaps not of the sea-going variety, 
but you could use the same piinciple. 
A Hovercraft is a vehicle that moves 
a ‘cushion of air gcncraled by the 


on 


craft itself; it floats on air, so almost 
completely eliminating friction. The 
cushion enables the ciaft to ignore un- 
even water or land surfaces. The 
British inventor, Christopiher Cockerell, 
defined Hovercraft as an attempt to 


load, supported on four circular lifting 
pads each of which is simply a wooden 
base filted with a fabric skirt and a 
single air feed. The skirt is shaped so 
that small changes in hover height will 
give increases in pad area and thus 
stabilise loads and offset uneven ground. 

Pads of 1 to 3 ft. diameter can be 
operated up to 20 lb/in“ providing up 
to 2 in. giound clearance. Ihe indivi- 
dual pads may be placed under con- 
venient positions at the base of the 
load, the factory aiiline supplying the 
pad.s The, load can be manhandled in 
any' direction. The pads need not be 
circular and, under a framework, pro- 
vide a lifting platform. An expen- 
menlal unit recently demonstrated lift- 
ed a 1 ton load three quarters of an 
inch above the ground, clearing 3/8-im 
high obstacles for an air delivery of 
50 ofm at 2)4 Ib/in^ cushion pressure. 

The question of moving really heavy 
loads is under investigation and it is 
probable that 1 to 2 ton P^Het units and 
20 ion containers may be lifted an 
easily moved by the air cushion mediod 
over normal factory floors and ships 

Tlie Elliott Aeroglide conveyor 
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l.n.k iiiul concrete products 
tij.iKis II.U sheets, pullets and trays csil 

.(11 111 iMiidled anti .special "float" tables 
' I i’-t IS I'.in he applied to aircraft and 
'ifhft \el)it‘les, 

I'Aeii (he Iiiedieal profession has 
hmu'fl til air eiisliioninp, In cases of 
S' site huiiis the pre.ssure of bedclothes 
ainl till liitth pressure from lying down 

tail lie paiiilnl luul retard treatment, 
'III mereiime this and so help to speed 
lieatmeiit :nid recovery of badly bum- 
111 patients, the National Besearch Dev- 
r!iH»iiieiit (.‘iinneil is sponsoring the 
ileseliijniient of a hoverbed in, or on, 
which the patient is suspended on a 
tnshinii nl air. .sealed on a narrowband 
inimtl the body, 
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Colour III siibilciiicci innonnally caused by the 
t'M’iUiUon of elections by visible lifflit and the 
energy oj ‘'\ciiatioit must he between specific 
levels if the substance is to possess coloui . 
Diwiputioii of this energy occiiis tliroiigli 
iheiiiiiii and rlwmical leactions which lead to 
loss of colour and breakdown of structure, 
railing, tlwrcfoie, is a pincess iiiheieiil in the 
fonnalioiiof colour and a coloured coinpoimd 
which will not fade is only a theoretical concept. 


Origins of Colour 

V, JuNtS 


A lthough many attempls to ex- 
plain the origins of colour on a 
scientific basis have been made since 
William Henry Perkin, working at liis 
home at Wembley in 1856, discovered 
and exploited the fust synthetic dye— 
mauvein-little fundamental progress 
was made until the 1930—1910 era. The 
first break-through occurred with the 
development of the thriory of the elec- 
tionic structure of matter and the 
second came in the 1910’s with the in- 
vention of contimions recording photo- 
electric spectrophotometens which al- 
lowed a rapid quantitative assessment 


of colour to be made. 

In ordei to study the phenomenon of 
colour it mii-sL be realised that when 
wlnte light, wliich is compo.s'ed of all 
the coloius of the speebum, falls on an 
object some of the light is absorbed and 
the remainder is reflected or transmitt- 
ed. When this absorption process is 
.selective' the light entering the eye will 
be deficient in certain wavelengths and 
Uk! colour of the object as seen will 
depend on the wavelength(s) of tire 
light ub, SOI bed. Why, then, should some 
.s'ii}).slance.s- absorb light in a particular 
region of the visible spectrum and other 
.substances absorb light in a different 
region? 

To answer this question we must con- 
sider two points of fundamental impor- 
tance. Firstly, the light absorbed has 
an associated energy and this energy is 
directly related to the number of waves 
per cm of space or inversely related to 
il.s- wavdcngUi as shown in Table 1. 
The result of this energy absorption is 
to can.se an electron in the molecule 
to "jump” to a higher energy level, a 
process known as a transition. When 
the rnolecule as a whole takes up this 
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tti Ollier molecules in the fonn of heat 
or ehemieul riMetion, or hy re-emittint^ 
part of the enerp;)* as flourestH'iiee or 
s'isihli! radiation. The .secsind iKiint of 
importance is that the value of the en- 
ergy tliirerentr between the ground and 
excited .siat(‘.s will determine the wave- 
length of the light absorbed by the com- 
pcnnid and in the simplest cases deter- 
mine its colour. 

The absorption of specific light wave- 
lengths can bo obluined (pmntitutively 
by measuring the inten.sity of light at 
each vvavih'iiglh wliicli passes through 
or is leileclccl liy n .sample of the mate- 
rial, using a spectroipliolomctor. The 
curve relating the intensity of txans- 
mitlecl or reflected light to the wave- 
length is referred to as the absorption 


Follovsing tliis principle that the ea 
eigy alisorhetl is inversely related to 
wavelength it can be seen that the en 
I'rgy absorbed by the red dye will be 
less than the energy absorbed by the 
yellow dye .since the latter absorbes at 
shorter wavelengths, i.o. in the blue re- 
gion of the visible spectrum. These 
spectra arc wimparatively simple since 
only one peak occurs the explanation of 
the origin of absoryrtion peaks becomes 
more clifflcult since wo must be certain 
that tiiijp' explanation is assigned to the 
correct ireak. 

Both inorganic and organic com- 
pounds can exhibit colour where elec- 
troir excitation gives rise to energy dif 
ferences associated with the energies of 
visible hght. 
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Figure 1 : Absorption spectra of a yellow 
(A) red (B) and green (C) dye solution 


inorganic compounds 1 

A 

Although largo nuiiiboi.s of inorganic 
salts such as sodium diloridc aie ooloin- 
less they do possess absorption spocha 
but these occur in the nltia-violcl re- 
gion of the spc'ctriun since the c'xcila- 
tion eneigy of llie cation or anion is 
very high, The energy reepured to ex- 
cite or remove the electron in the ne- 
gatively chaiged halide, anion, for ex- 
ample, is nuich less than that required 
to lemove an election fioni a cation 
such as a sodium ion and, although the 
ahsoiption peak is situated at longer 
wavelengths, it is still in the ultra-violet 
region. This type of speotniin is found 
also with the oxides, halides and sul- 
phides of a large number of heavy 
metals where the absorption peaks are 
attributed to the transfer of an electron 
from the oxide, halide or sulphide anion 
to the sphere of influence of the neigh- 
bouring cation. WhcMi these intense 
peaks extend into the visible region of 
the spectrum the compound becomes 
raoie or less intensedy coloured. The 
red coloui of vermilion (Ilg S), the 
yellow, orange or brown ochres of iron 
oxides, the yellow of cadmium sulphide, 
Naples yellow (antimony oxide) and 


-the yellow of lead chromate are all at- 
. liiiiuled to the election tiansitions of 
. this type. In Figuie 2 the cliaige tran.s- 
ifei speelra of a scries of cobalt deriva- 
■ tivc‘s containing halogen atoms are 
^ shown. The peaks are situated in the 
u V u-gioii, but the bands are progres- 
.sively di.splaced lowaicls longer wave- 
,.l(‘nglh.s as the halogen is changed from 
' iluoricle to iodide. This displacement 
.iudieales that the transfer process is 
.inme easily achieved in the case of the 
largci halogen atom, since the valency 



Figure Z: Absorption spectra of cobalt 
halide derivatives. 


electron is more easily transferred when 
llic distance between the election and 
the nucleus in the halogen is greater 
and a larger number of inner screening 
electrons inter-yene. 

The le.ss intense peaks shown in the 
visible region in Figure 2 are explained 
by an absorption mechanism known as 
a d d transition. This type of tran- 
sition or excitation process generally oc- 
curs a I longer wavelengths than charge- 
transfer transitions since the energy re- 
qniremeirts are less. The colour of a 
large number of metal complexes of the 
transition metals including titanium, 
vanadium, chromium, manganese, iron. 
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fSfWlt, 9wV'1 .(lid u^pi-HT 

ftllwit !*‘V. j)i HiliiJ'Stf.. j'» .ittiiUtihfl ttt 

iIm'i f't Ill till fli- 

mt lit*- tl*< rr 4i<' inr ntiti tfiiuvt m d- 
"rftit.tls, f.nli I'f tthiili r.di .itummut- 
d.ifi Ittti rli'rlfiifii 'Ilif'-t* ml'it.dv an' 
iifjaii^trd ariiuml flu* fiiiclms ni trilain 
jfirUrTi'd dvnHiis»i(% iii Njiatv. II \\i* 
t'(»nsidt r flir imt.d inn a** a "^plictc and 
its mam an'i as llanr mntnaUy prr- 
la ndn ular lim s nrijiniatiUR at its ci'iitn* 
tin II tin* prrfcm'd dirrclinu nf tlin-f of 
dll* d-niliilals lie thcsi* main 

asi'S and tin* mlit'r tssn almij' (lie main 
as.fs, \\'(‘ tannut cnnsidar tlm mrtal 
t-aliim in iwilalinii, htiwrvcr, citluT in 
till* sitiid fiinii itr m snlnlinn tlic ralinn 
is Mimnmdrd by nr^ativfly chiut^isl nn- 
titii'S sticli as lialidi* aiiinns nr jailari* 
sahli* Jlrtntps snc'li us ssalnr. 'Hii'M’ 
^nutps inU'racI \sitli tin* natinn tiy niii'ii- 
lation alniijl tiu* axes. Siiict* thf j^rnups 
of liKunds as tlmy art* known, posstsss 
an actual or potential m*y;ativc charnt* 
the intcnu'tion lictwccn tin* ligands and 
the d-fU;ctrons lying between the* main 
axes will he different fnmi the interac- 
tion between die ligands and tlu* d-ele- 
ctrons lying along tin* main axes. There 
are thus two ground slates of different 
energy. Tlius* splitting of the ground 
state energy level occurs when there, 
are one, four, six or nine d-electrons. 
An ion with two, three, seven or eight 
electrons has three possible level in the 
ground state. It is therefore possible for 
an electron to he transferred from one 
ground stale level to a liigher gnaiml 
state level. Where there are two possi- 
ble levels one absorption band will be 
found and where there are three, two 
absorption band.s are possible. Other 
bands which can occur are attributed 


to d . d Inuisitions fioin ground states 
to rxciti'd states. 

In a simple ease we can illustrate d- 
d lr.msiti(iiis in tlie .spcctia of copper 
111 toppir Milpliale .solutions and in 
1 upi.imtiiiiiiiiim liydunxidc solution, 

) Idgiiie .8. f CnSo, crystals and the 
Cie' ' iiiii ill water are pale blue with 
.HI absfiiptirni ma.xinnim lying in tlie 
mfi.i-ied, 'I’Ik* .stronger ligand field of 
the iiminiiiii (Mia) gioups in the cupra- 
iiimniiimn imi in ernnpaiison svith water 
moleiules eanses the d_>.d liansilion 
tu iiieiir ill the yellow region and the 
H siiUiint eoltiiir (Table 1) is blue violet 
,111(1 more iiileii.se. In contrast, the in- 
lltieiiee ol the .sulphate ligand in anhy- 
dimis copper sulphate is weaker than 
that nl w.iter and llie absorption is en- 
tirely in the infra-red region and this 
suhslaiici* i,s colourless. 



ORGANIC COMWVNDS 

Tlu* colour or lack of colour of orga- 
nic compomids is .strongly dependent 
oir the molecular structure since elec* 
tron c,\citation in the visible region of 
till! spectrum only occurs with certain 
atomic configurations. These are com- 
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pounds containing an extended system 
of conjugated oi chromopliores can be 
seen in Figure 4. Some, of the elec- 
trons paiiahing in the double bonds 
aie more easily excited tlmn the elec- 
tions associated with the single bonds, 
since the former aie non-locali.sed and 
their- distiiliutiou oxtt'iids ovei the 
length of the c'onjugalcd system botli 
above and below the pilane of the mole- 
cule. As can be .seen from Figure 4 
the effect of extending the length of the 
conjugated sy.stem is to .shift the 
absorption jpeaks into the visible 
region. There is however a limita- 
tion in that as the conjugated sys- 
tem is lengthened, the wavelength dis- 
placement becomes smaller and the 
absorption peaks do not cover the major 
part of the visible .spectrum. Even 
with struetuics such as— carotene, the 
colouring matter in caiiots, where there 
are as many as eleven alternating doub- 
ie bonds, the colour still remains yellow. 
Fortunately for the colour chemist there 
are a number of other conjugated sys- 
tems which can be utilised as chromo- 
phores. One of the most important is 
the azo chr omophor e which consists 

essentially of benzene or naphthalene 
rings (in themselves conjugated) link- 
ed together through azo groups, i.e. 
a system of double nitrogen-nitrogen 
bonds. Tlrese give lise to intense abs- 
oiption peaks and when multiple azo 
groups are present (Figure 5) the col- 
our extends over the whole of the visi- 
ble specti-um. 

The presence of hydroxyl (OH) 
groups in the compounds shown can 
modify the intensity and position of the 
bands since the oxygen of this group 
and also nitrogen and sulphur atoms in 


amino (— NITa) or mercapto (— SH) 
gioiips when present contain easily ener- 
gised electrons which can take pait in 
excitation transitions 
In all these cases we have, then tins 
basic idea of a non-localised electron 
cloud extending along the conjugated 
.system. The interaction with the elec- 
Ir-ic vector of visible light causes oscil- 
lations to be set upi within this negative- 
ly charged cloud vciy much like stand- 
ing waves on a vibiating stung. Using 
the vibrating stung analogy, equations 
rcpicsenting each hannonic or standing 
waive aie known. Similaily, an equation 
for each standing wave in the electron 
cloud can be obtained and from these 
equations the highest energy level in 
the ground state and the lowest energy 
level associated with the excited state 
can be obtained. Fiona the difference 
in these two eneigy levels it is a simple 
mailer to calculate the wavelength of 
the absorption peak situated nearest to 
the low energy (red) end of the spec- 
trum. Wheio this has been clone, good 
agreement has been found between cal- 
culated and experimentally determined 





Figuro 4: Structure and apoctra of 
diphenyfpolyanas. 
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Flgurft 6: Ato chromophora*. 



Figura 6; Structure and spectrum of 
copper phtholooyanine. 


vahu's ill bnth linear cniijngatcd syi- 
U'lns and cyclic conjufiatcd sy.slcins sucli 
as coiipcr plidialocyaniiic. a coiiiincr- 
cially valiudilc bliu* piKmciit tli<‘ strii- 
cliu'c and spectrum of wliicl) is shown 
in Figure G, 

Alongside this standing wave of free 
electron theory of the origin of colour 
there arc two other main theories. These 
aie the molecular orbital theory and 


s.d. ni- bond theory. Formei which is 
b'"l ")( the eoinbinalion of atomic 
Mibit.d*. to Hive niolecular orbitals, and 
ibi- httii wlmb is mine concerned with 
ddbnut lome stales existing in organic 
I impounds .ign e ipiite closely when 
Minph- moleinhs aie considered, For 
near tonijilix inolecnles, not even as 
I omiihx ,is ibe ones we have been con- 
'-nli nm; MinpliHeations and assumptions 
ii.isr to br made if agieement between 
tbron Ik ,il and piaetieal results is to be 
iuMild, 

Tbr im-sent-duy theories of the oii- 
•/.Ills of rob nil' have beim developed by 
ibr ji.niis taking \Mirk of many scien- 
listv. Aiming tilbi'i.s in Biitain the worli 
til Piniissnr Orgel ( Clambudge), Pro- 
frssin l)i war and Dr A. Ruraway (Man- 
clirslri' slnnild not go unmontioned, 
Ncit.iblr eiiiiliilmlion.s have also been 
m.idi* In I’lofe.ssurs 11. Kuhn (Ger- 
niaiiv ) and W, Feitkiiecht (Switzer- 
land K 
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Why should Ihe Eat lit have a hot, molten core? 
Most asuonomcts and geologists have genet ally 
hcliercd that the reason h somehow connected 
»ilh events in out planet's hhtoty which occutred 
long after its fust formation. 


Were the Planets Hot 
from the Start 


CCORDING to ‘orthodox’ theory, 
the Earth and the other idanets 
were formed in a relatively cold state 
and have somehow got warmed up 
since. At one time aslronomeis thought 
that the planets were formed when 
another star came too close to our own 
Sun and pulled a great streamer of gas 
out of it, which later solidified and split 
up into the planets. But today most 
people believe that no other star had 
to be involved. Both the Sun and the 
planets were formed when a huge cloud 
of gas contracted under the influence 


of gravity. Up till now, it has been 
generally agreed that this cloud of gas 
was cold and so the planets were form- 
ed as cold objects when they condensed 
out of it. The fact that the Earth has 
a hot, molten core, according to this 
established concept, is due to events 
since it was formed. 



.1 


Ft of Fied Hoyle 
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%litms lli.it )iy till* timr thf rltiml Ir.iil 
slmnik ti) »( hmulinl inilliuti imli '* .»« tr^v; 
ils t(’mi«*riUuri‘ wmiUl h.up rip tti 

tlinv nr fniir lluiiisinul cU-jjrrn (Vriti 
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Tn an tistrnnniiu r snmi'vvhnK* cKn in 
siraw, till* cloiul wniiUl ihcn liiur* lonk* 
r'tl a vniy hri}*ht Mar ami Hnylr {Mmns 
out tlial this is u fumili.ir .sta);c in the 
life Uistoiy of .stars as ohsirvcti frojii 
Marlli, their wj-calletl over-Inminous 
phase, At tliis .slaKc* the speitl of tlur 
iiiwurcl collapse svonkl increase and as 
the cloud shrank, so it would have rolat 
cd fa.sU‘r and faster-just as an ice-skaU-r 
spins faster and faster if she draws her 
arm.s in. Dining this spinning, .some- 
thing like five-si.sths of the original mass 
of the flood was thrown out into .space 
and lost. 

OiU of what was left, the xdanuts were 
foimcd. Not immediately — the rapid 



.» J'j, ».},/!' pliMi t\~-Suiu>ii, ihowing ihe 
t hufiii ifinlic ni}f;s 

ijiiHJ.-mi iiivt made the tsiiitracting cloud 
-d spit ,(d not again, into a disc 
,ilv*nt till' si/p ol the present solar sys- 
tf in I III null r 1 dge of the disc would 
h.iM hi I H unite cold hut tho centre 
WMiiId -.III! li.iw hecii above a thousand 
dini'i'' I rttligiadr. Out at the edge 
t'f ih*' s]nnii)ng disc, oxygen and nitio- 
gin svonld liijnciv in the cold and 
lailimi dioxide nonld tnin solid, which 
is v\hy atioiding In Profes.sor Hoyle, 
1 I. inns and Neptune seem to be made 
nf jiteiiscU those materials, 



One of the planets oj the Sotar System 
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Towards die- a-nhe nt the dive, mag- 
nesium oxide, silica and nciii would 
have condensed and so \vv find dial tlu- 
inner planets, especially \ enns and tlie 
Eardi, contain most of tlie iiori in die 
whole solar system, 'rlie tlieoiy also 
explains somelliing w-liidi used to ]m7./.l(' 
astronomers, winch is wli) nearly all 
the iron m the Eaith i,s in the middle. II 
the Eartli was cold when it was lorm- 
ed, then the non would have bi-en 
hard and solid and as Professoi Hoyle 
points out, it is difficult to nnderstaiid 
how that iion eonld have inauaged lo 
sink ihiough to the centre, lint if tlu: 


Jioii WHS collecting at a high teinpera- 
tme, in a senn-inolten plastic state, then 
U i.s much easier to understand how it 
Unwed into the middle. We still have 
lo explain how the hot Earth managed 
lo eolleet volatile compounds and gase.s, 
Mieh as watei, caihon dioxide and ni- 
trogen. Accoiding to Hoyle, this hap- 
pened later, As the cloud of gas finish- 
ed it.s’ eonti action into the Snn we know 
today, the Eaith and the othei planets 
mound would have cooled down and 
as Hoyle puts it, would have 'mopped 
up’ any debris. 
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Classroom 

Experiments 


Kxpi>rim*^nt\ (nr Ih^monsimdan 
(if I)iffrn^rjl 'riii^rnud (jintlurl- 
ijil\ in I itrioua S(ihx{itiif(’,<i 

Vn» 

lit i-f S< ii-iif'- K'Uii 

NCKUT. Nrw n,‘UH 


j M!t .4S'i ‘h-y :iro lipatcd at their other 
<i,'i 1)5“ hcip of a burner, Phos. 

ji.i.!,’!. f ('.-Jir-? Jiio in tho copper rod first 

i‘i ,i!l „js<l m (ho iron last of all. This 
« 'how., that out of the four 
•: , i<; the best conductor of 

h‘ >,1 non (lis* least connuotor. 

fMainh.intla and Gupta, 1965) 



I X tile ti'UC'liiiiR tif .st’ltotil pliy.sit-s it is 
tlfsirt'tl til (lomon.str.tt<* tlio fact tliat, 
'Thcnnal coiitliiotivitics of difFcrciit .sub- 
staiiws tliffor from each other’. For thi.s; 
I)iirpo.se the following experiments, 
along with olher.s, are usually d(*scribt:(l 
in textbook.'! and are .sometimes demon- 
.sttated to .studenU; 

Exficrlnwiit No. 1 

Ihe npparatu.'i to .'ihow difTorent con- 
ductiviUo.s of dilTerent metals consists of 
four metal rods of brass, stinc, bon and 
copper. Thc.se metal rod.s are fitted in a 
wooden ring, as shown in figure 1. At 
one end of each rod a piece of pho.sphorus 


L'xfcufiicnt i\'o. 2 

Wo ran compare the conduction of heat 
in diircicnt metals by taking two rods, 
one made of copper and another made of 
steel, and repealing the above experi- 
menU. The arrangement is shown in 
figure 2. with iron nails fixed on both 
the rod.s, The common terminal is heated 
by a spirit-lamp. When heating is con- 
liruiud the wax mclls and the nails start 
falling. The iron nails .start falling from 
the copjier rod much sooner than from 
the other rod. Tills experiment shows 

’This ri'fers to the experiment of heating 
one end of n metal I'ocl with nabs stucx 
on It with wax. The nails drop one bjt 
one starling from the hot end, demons- 
trating conduction of heal along the rod, 


This IS part 2 of this article “A Precaution for De.signing Single Experiments in 
Science,” published in School Science, March, 1967, 
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that copper is a bettoi conductor of heat 
than steel 

(NCERT, Physics 19631 



Figure 2 


Comments on Experiments 1 & 2 

Let us consider these cxpeiinients in 
the light of the following iirecautions 
postulated by the authoi eailier (Ved 
Ratna. 1967): 

In every cxpeiimenl the observation 
that we make (or domonstrato to stu- 
dents) IS affected not merely by the phe- 
nomenon that we want to study or de- 
monstrate, but also by several other fac- 
tors The conditions of the experiment 
must be so controlled that the desired 
phenomenon is the dominant factor. If 
the conditions of the experiment are not 
so controlled then the experiment is in- 
valid and a poor demonstration, how-so- 
ever spectacular it may be. 

In the above expeiiments the velocity 
at which heat appears to progress along 
a lod (in fact the velocity at which 
the ignition temperature of phosphoions 
or the melting point of wax progresses) 
depends upon: 

i) co-efEcient of thennal conduc- 
tivity K of the material of the 
rod, 

if) specific heat S of the matenal 
of the rod, and 

ui) density D of the material of the 
rod. 


Moieovcr, all these factors are equal- 
ly impoitant, and it is the expression 
K/SD which matters. It is called 
Thennal diflusivity'. 

A compicheiisive study of the texl- 
hook.s mentioned in the leferences and 
also of syllabi of various Boards of 
I'ldiicalion in India reveals that it is 
tlic co-efficient of tlieimal conductivity 
which we later on emphasize. We do 
not want the students to worry about 
ibcrmal diffusivity at school stage. None 
of these books makes any reference to 
thennal diffusivity. 

Therefore, there is no doubt that 
when we talk to students about the 
above two experiments and use words 
like ‘conductivity of a metal’ or ‘con- 
ducting power’ or “thermal conduct- 
ivity”, or “power of a substance of 
conducting beat”, etc. we mean the co- 
efficient of thermal conductivity, K. We 
want the students later to identify the 
co-cfficicnt of thermal conductivity with 
whatever concept students form by 
these M'ords while studying these ex- 
periments. 

Expeiiment 2 described above is 
usually performed by taking rods of 
coppier and iron. Product of specific 
heat and density for these two metals 
is nearly equal (Cu 0 809, Fe:0.826). 
Tlius the velocities at which heat ap- 
peans to progiess (i.e, tempeiature pro- 
gic.s.scs) along the two rods predomment- 
ly differ due to difference in their co- 
efficients of thennal conductivity. But, 
because while performing this experi- 
ment this point is not emphasized, it 
gives the wrong impression that ther- 
mal conductivity is the only factor in- 
volved. Tliere also exist several pairs 
of metals in which thermal conductivi- 
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.is I \lli Ills I h 2. 
rhr hnpri'ud r.vprrimriit 
I ijh'nuu'ul \i> >i 

'r,tk<* l\si» t \ hiiiltii ,d M'smIs nt iili-nii- 
».il iJuiitmimi'', 'li.ipc riticl w.ill-lhick- 
itrvs, '5 lit ) li.ivi- uKivs w.ilU and liavs 
eif dilffrtiit nirt.iK. 'lakr iiiiwl .iniMinds 
iif a \tilati1r liquid, like spirit in llifiit. 
I'nt llii'in sittiuU.int'iinsly in a trnn^li 

nr hrakiT wlnVli I'nntains lint watnr ni 
nil. 'llu-y dip nnly a lillln in tin* hnt 
water, Tlie lint water i\ stirred intennil- 
leiilly t(i niaiiitain nnifnrni temperature 
llmnij'linnt its vnlnnie. 'Ilnis the mil- 
side leiiiperatiire of the bases of the tw-o 
eyliiidrieal ve.sseK is maintained at the 
same hij.;!! tempeiatiire. The volatile 
Ihinid in one of the vessels begins to boil 
eiulicr .sliowiiif' that the material of tin* 
bas(‘ of this ve.ssel has (frealer power of 
tran.smitling heat from its outside .sur- 
face to inside by csnidnction. 
Comlniclkmal dHaih of the cippanitufi 
The trough of hot waiter ha.s a lid 
and the ve.s.sol.s are fitted in the lid .so 
as' (i) to facilitate x’nlting them .shnii- 
llaneou-sly in the trough, (ii) to facili- 
tate dixiping their bottoms equally in 
hot water, and (iii) to eliminate heat- 



ini' nl !;l.iss walls of the vessels by 
s.iponrs of hot wati'r. The stirrer jiasses 
ihionuh a hole in the lid and is given 
,1 ntl.ilnii nioveiiienl in a horizontal 
pLiiir beiatise hot water in the tiougbis 
sli.dlnw'. The nielallie bottoms of the two 
vessels eao he removed and .shown to 
stmleiits to be idenlieal in shape and 
si/v .Old then lilted water-tight into the 
vessels with the help of rubber gaskets, 
It is prefeiable, though not necessary, 
that the two cylindrical vessels also have 
lids on them to eliminate cooling of the 
volatile liquid by evaporation and thus 
to perform the experiment quickly. 

At lliis iioint it will he relevant to 
discuss llie following experiment also, 
which is cominunly demonstrated to 
slndeiits. 

K.vpf')imf’n< No, 4 

(Jood and. bad conductors: Take a rod 
or wood w/ho-sc one end is fitted into a 
brti.sH lube of the same external dianieter, 
Wrap a piece of paper round the junc- 
tion of wood and bra.s.s and hold h over 
a flame a.s shown in figure 4, It will he 
.seen that while the portion of the paper 
in contact wilh the wood is scorched, 
that in conlact with brass is not. This is 
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due to the fact that biass being a good 
conductor, conductH away heat moic 
quickly than wood. 

(Puri 1902 and 
Puii and Mathur I96‘2) 



It would appear at the first instance 
that the comments made above for ex- 
peiiineiits 1 & 2 also apply to experi- 
ment 4. But expeiiment 4 is used only 
to demonstrate the broader concepts 
“Good Conductor” and “Bad Conductor”. 
If this cxponmcnL was to bo used 
foi demonstrating the difference be- 
tween two conductors ( e g. brass and 
non), it will neither succeed when per- 
foimed before a grouji of students, nor 
will it be valid according to the pre- 
sent discussion, 


Conret fotni of Expeiiment 2 

Stewart and Don (1917) have split 
np the e.\pcnment 2 into two parts 
which gives a very clear exposition of 
tlie concepts involved as follows: 

Two bar.s of different metal, but of the 
.same .size and shape, and having an ex- 
actly similar surface, are placed, end to 
end, as shown in figure 5, To the under 
.surfaces small wooden balls are attached 
by wax at equal distances along 
the length of the bar.s, which are then 
heated at their contiguous ends As the 
heat is transmitted along their length, 
the wax melts and the balls drop off in 
succession Now the first ball will drop 
off directly the temperature of the point 
at which it is attached becomes equal to 
I he melting point of wax, and, provided 
the distance of this point from the source 
of heat be not too great, the time requir- 
ed for this to take place depends not only 
on the conductivity, but also on the spe- 
cific heat of material of the bar; because, 
ihe lower the specific heat of this mate- 
rial, the greater will be the rise of tem- 
perature produced in a given mass of it 
by the heat supplied in a given time. For 
this reason the balls may begin to drop 
off first from the bar which has the lower 
specific heat, but the greatest number of 
balls will ultimately drop off from the 
bar which has the greater conductivity; 
because, the greater the flow of heat 
along the bar, the further will the rise of 
temperature necessary to melt the wax 
be transmitted 

If we take two small csdinders, of 
equal length, one of iron and the other 
of bismuth!, and, after having coated one 
end of each with wax, place the other 
end on a hot copper plate, it will be 
found, that if the cylinders be not too 


!This part of the experiment, when tried 
practically, is more effective with iron 
and lead. 
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<<( F'n.ni r.ibiri- !li.m H dm-* 
'«• j.i)»>r l}(i* lisMtnilli Ui«* f.iiiit' 

h‘ nc*‘, llir hr-i! Sl.tit'' 

i«(U' '3 ;(lni5H slic 3n iitu'h i!-. U-’.s -.li.iif 
lli.i! .jlmtu llif itHii. ihr* iiiEic tif l(’n»}MTtt« 
Mii(' jtritdHcctl itt Utf ftiimrr !■. urt':«t<T 
W3n*ii. hfiwf'vcr, tlir (ifrniixiciil slnu* is 
.» <tf litsit '.vill 

Ilf* Ir.dtsiKiUi'tl i!h'mhi;!i Uii* iinn (liitii 
lisrtnic'h ilu* bi imitli, anil iln* li ini>(*isi- 
luri* (if tile upper end ef the irnn cylinder 
will uKiniiilely be Ihe {neater. 

Tills deseripluni by Slewurt and Dun 
( 1917 ) is (ihvituisly free fnmi the cri- 
tieisiH raised by the unlhnr, but it is a 
bit etimplksiled for tlie (.siniprelieiision 
of 12-13 years old .sliuU*nt,s, Similarly, 
f’r, I,. DiiUn ( 1931 ) lias meiilioned the 
following caution, wliieli climinate's tlio 
criticism raist'd by tbc author: 
CAUTION; The quickness with which 

iBy this is meant ‘the cylinder of bis- 
muth’ here 


rate .'i 

Uv' V..SS n.eli ; IS no sure guide to con- 
j’y. fill it depends not only on con- 
,li«('‘ivi*y InU al-n on the specific heat, 
lii e.M-. h'lnphs j.heuld be measured when 
!Ju* w,e< ec.ee to melt. 

Ibil niifiithtiMlely .some authors have 
le t i.ihf’ii any care of being accurate 
in ibeir deseription. 

{‘fuichiu’on 

U may be eonelnded that demonstia- 
iiiai of (lieinial oondnctivily is just one 
esamiile. Tlieie may be many more 
evpeiinienls in our science books and 
iiiriieula whicli need deep thinking in 
llns maimer. 'I he preeanlion for design- 
iim demoiisiralion experiments stated 
ahoee is of basic impoitance in the 
building up of correct concepts and of 
scientific attitude among children. 
Tliougb tills precaution seems to he 
.so olivious from the piinoiples of logic 
that it .seem.s uniieees.s'aiy to discuss it at 
Mieli h‘ngtb: it is an unfortunate fart 
that we .sometiinc lend to forget it 
wlien \v(* /eulously work upon designing 
a .simple iuid .spectacular experiment 
This precaution is all the more impor- 
tant at the present time when we are 
revising our science curricula in India, 

Acknowledgement: The author 
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Ijtt'trnniitf'Hlttl St in 

fAjtrrimrnt in Sripnrt^ 
Cutfitttliuu in 
Vf'tr If iiinx 

(». R. MtviR 


T X N'«>w Sdiith W'yh'S. iti lf)65. n iienv 
1 . lyix* t(f inlfftratcd sdcncf wiirsc 
inlriiducTtl iiiU) the Iliglicr Clraclcs 
cif llu‘ Si’mulary Sdwfols (New South 
Walw Dfpartincnl of EchicatJon 1965). 
Tills «>tirs(‘ tolls llu; story of the total 
fiivironiru'iit of inaii thnuigh the liis- 
toiy of tlio imivorsc from Its origin to 
tilt* prosnit day. It also dworibes tin? 
procc.ss of di.s'covery and understand- 
ing of the mafot events in this history. 
It is thus a quite revolutionary approach 
to science curriculum and has attracted 
international attention. 


Hiiri Srinicc Education in Nfw 
Wain 

Thf ■.('((ind.iry schools in New Soutl 
\\ .d» s ,110 mgciniscd as follows, There 
,» {mw st'.jr (onrsc Imling to a school 
f« tlilii .tic. It follows seven years of 
{‘nin,tn .Srhool .ind caters for pupils 
.mtti U to 15 yi'iiis, so is approximate 
K iqnix.ilctit to Indian Middle Schools, 
(TntpiiKnry schooling in New South 
W.ih's extends to age 15, 

During the four years leading to the 
h« h<*nl (Trtifie.ite, there is a compulsory 
tf'UtM* of integrated science (chemis- 
tts, physics, biology and geology) for 
.ill piqilis-, taught at four levels catering 
fill tlif* ijii.irliles of ability and interest. 

It rrjpiires 6 periods per week. 

Till* last (wo years (5th and 6th 
fornisi lead to the High School Certi 
fit ate, Iiiciea.siiigly large numbers ot 
pupils itiiitinue after age 16 and almost 
of fourth from pupils continue into 
fifth, llie Higher .School Certificate can 
give Uiiiver-S'ily matriculation at age 
approxiinalely 17 years and so 5th and 
full forms ill New South Wales are ap- 
prosiirmtely equivalent to the Higher 
.Seeonthny .Schools in India. For the 
Higher School Certificate five subjects 
are taken, bnt Science is not compul- 
-sory. Approximately 7070 of pupils, 
however, take science. Science is arrang- 
ed in four altornativc programmes cater- 
ing for differences in ability and interst. 
Three of Ihe.se arc tightly correlated 
programmes of prerlominantly physical 
sefenoe with optional strands of either 
biology or geology, Ono programme is 
11 periods, another 9 and the third 6 
periods per week. The fourth pro- 
gramme (six periods per week) is the 
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course of environmental science. This 
has been designed as a tenninal jh'o- 
gramme for people who show interest in 
science but who do not wi.sh to study 
science at University. These people 
could include future: students of Ails, 
Law or Economics or those who may 
not wish to proceed to univeisity hut 
to programmes of teacher education or 
alternative tertiary training. 

The course is an attempt to cater for 
people who normally turn away from 
science. It is deliberately aimed at ap- 
pealing to pupils basically interested 
in the humanities, By clo.sing this gap 
it is hoped that seicnce will now be 
available in some suitable and attrac- 
tive form for all students in New South 
Wales, The course has been in opera- 
tion now for three years and it is 
popular and successful. Increasingly 
large numbers of inipils arc taking the 
programme and are responding well 
to its challenge. The following account 
of the course is based on an article 
that has been published elsewhere 
(Meyer, 1967). 

Why Science for All ? 

Pupils at age 15 going on to Higher 
Secondary School may be given all 
sorts of advice. This is the time that 
decisions must be made about subjects 
that will be studied for matriculation, 
A friend may say ‘‘Science is dull arid 
hard, you would he very foolish to go 
on with more Science”. A relative may 
say, “Boys .should do Science, girls 
should take History or Music or Art 
instead”. Another relative may say, 

What’s the use of taking Science any- 
way? You’re not going to use it when 
you leave school”. Still another person 


may give advice to “study Science at 
school and then do Medicine at uni- 
versity and earn lots of money”. All 
this is bad advree. 

In the first place. Science isn’t dull; 
it can be deeply interesting, even 
exciting, secondly, in spite of the pes- 
simism of the friend who said Science 
is hard, it is certainly no harder than 
many other subjects. Then the friend 
who said girls should avoid Science 
was way off the track. Quite apart: 
from the fact that there are and have 
been many famous women scientists, 
today all women need to know about 
Scrcnce if they are to be good house- 
wrves and good mothers. This is also 
part of the answer to the friend who 
sard that science won’t be used after 
leaving school. 

Today everyone needs to know about 
and understand Science, and the more 
they know and understand, the more 
meaningful and more worthwhile will 
be their lives. Knowledge and under- 
standing of Science deepens our know- 
ledge and understanding of ourselves 
and our environment, and so it en- 
riches our Irves. Science is not just for 
the few, it is for everybody. This is 
why the advice to study Science at 
school only for the reason that later on a 
pupil will be able to become a wealthy 
doctor is a bad advice. It is encourag- 
ing the study of Science for the wrong 
reasons, 

Of course it is necessary to know arrd 
understand about science to be a, doc- 
tor, or indeed to be an engineer, a 
nuclear physicist, a biologist, an archi- 
tect, a modern farmer, a veterinarian, 
a dentist or a pharmacist; but to take 
science at school only because later you 
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Of ffuirsc. it is tiiic. th.it Mime p«“n- 
ph' are hettcr at Science than others 
Snnie esjH'ctiilly cveel in tlie Innical 
jirrcisfnn of (he matherimtical argu- 
iritMils iimhI in ,say nmliar phy.sics, nr 
genetics. On tlu> other hnncl for 
otlu‘r.s, this n,spect causes diiricuUie.s, 
'Phis difference has beim catered for in 
.New South ^\■ale,s in the fifth and 
sixtli form programme by having the 
syllalni.s arranged in the various levels. 
Studeiil.s good at Science, liking and 
doing well in mathematical a.spects, 
u.sually take llic more .spccialr/cd 
ctmr.scs. 

For the remainder there is the course 
of KiiviroiimeiUal Science. This sylla- 
bu.s does, of courses include, some 
Malhemalics. It would bo question- 
able if it could he allied a science 
programme if it did not, but this 
mathematics is kept to a minimum and 
what is required is an ability to think 
quantitatively rather than work through 
the steps of intricate mathematical 
problems. 


■Plif fact that some people compara- 
tively less able to nnclerstand quantita- 
liM‘ M 11 - 1 HC than otlieis does not mean 
lli.it liny arc, in geneial, less able, 
'111. \ may excel m Ait or English ot 
liistoiy or Fouagii Language; in fact 
tiii\ mav be mnch better in these sub- 
ji’its than Mime of their friends who 
alwa\s bciit them in Mathematies or 
Sill lice. Till- em iromnental course is 
th xiimt'd jiisl for these people, and it 
IS jMissible (I'm not sure about thrs) 
tiiat these people, arc in majority. The 
rmirse caters for people who are pro- 
bably lictler in the humanities than 
tlii’y are in thr sciences, It is not an 
infenor course, it is one catering for 
a dilfcri'iil type* of ability. 

It is this cmivsi' llial is especially de- 
.signed to enricli umlcrstanding of our- 
selves and our environment, It is a 
eoiuse di-.signed for everybody, 

Conteni of the Course 

The information hi the syllabus is 
miiKsuiil. It pres'cnls a panorama of 
iiolli tlie hi, story of the universe, includ- 
ing the biological history of man, and 
the history of man’s scientiBc explora- 
tion of bis total environment. The 
syllalius tells a continuous story from 
tile beginning of time, from tlie origin 
of the universe, through the story of 
the slurs and the. formation of planet 
eiirtli, tracing the liisLory of the planet 
to the time the life began, 

It then follows through the history 
of living tilings on earth, especially tlie 
historji of man and, finally, develops 
the sLozy of man's gradual mastery of 
his environment to the point where he 
is today — on the verge of engineering 
himself and his environment to moulds 
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of his own choosing. This i.s powerful 
stuff. There is detail to be Icaiiil, to 
be snie, but ihi.s detail is theie only to 
establish and reinforce the big con- 
cepts that explain the story unfolded 
by the coLu.se, Those concepts include 
“the naluic of inaLler”, “the origin of 
life”, “the concept of energy”, "the 
cycles of eiosion and deposition”, "llio 
piocess of evolution”, “the modem tools 
of science and technology”, "the irrinci- 
ples of conscivalion” and so on. Under- 
standing of these big concepts helps 
us understand botlr ouiselves and our 
relationships with others and with our 
natural and man-made sui roundings. 
Understanding leads to greater con- 
trol, deeper undeislanding and greater 
mastery of ouiselves and our environ- 
ment is a key to successful, happy and 
enriched living. 

Habits of Thinking 

The syllabus encourages habits of 
thinking that should hold good for all 
situations and thioughout life. Undei- 
standing involves the ability to compre- 
hend knowledge, that is to recognise 
knowledge in new situations, different 
but similar to the situation in which 
it was first learnt. Understanding also 
involves the ability to apply knowledge 
to new situations. It also involves the 
ability to analyse information — to 
identify parts, to recognise the way the 
paits are connected or inteiact togetlier 
and to identify the principle or princi- 
ples that hold the paits together. 
Undeistanding also involves the ability 
to synthesise information; to put parts 
together in a new way to create some- 
tiring that was not there before. 

Finally, understanding involves the 


ability to cwaluate information — to 
judge the value of materials and mc- 
tbods foi specific pui poses. The con- 
cepts of tins course must be undeistood, 
not just learnt off by heart, and the re- 
liUioiiship.s between them must also 
ho understood and not he learnt 
oil Iry heart. The syllabus requires 
training in the comineheusion, applica- 
tion, analysis, synthesis and evaluation 
of knowledge. These are the skills 
that are used to gam understanding of 
any problem — whether it be the 
causes of radloacLivrty or the problems 
involved in choosing the appropiiate 
sort of cake-mix at the local super- 
market. Of course these sorts of 
abilities should be developed in any 
school programme, but the focus on 
concepts in the couise of environment- 
al science, e.specially encourages their 
development. 

Emphasis on Solving Problems 

The course places emphasis on the 
methods used to solve problems, me- 
thods that hold true equally for a 
scientific investigation or for solving 
day-to-day problems in home or office. 
I would like to quote from the Pream- 
ble of the syllabus itself — "There 
should be emphasis on the methods 
and techniques of science investrga- 
tron . . . Students should understand the 
need to distinguish between observed 
fact and hypothesis with emphasis on 
reasons for stating hypotheses . . . The 
place of authority should be examined 
so that students must recognise evi- 
dence based only upon statements by 
others. Control experiments, their 
nature and importance, adequate and 
inadequate sampling, accuracy and the 
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»» 4 Iv I<HII< 41<<1 In lln* u'liijili xilu"* 
'I fhi ir 'oncmKiniji'. 

Hn titijmf »1 (>f .\)tpti<)iTuitr Aliifutirs 

\iml!»<r «ju,ihl\ i4 ill!' KniiM* that 
Uni*. !i an niiiwnlant riilr in ut in’ral 
* thii .itiHii IN till' aMitinli '* and jMiitilN 
nf \nvN it fiiKimt.tHi'N. I wriiild it^ain 
Uki- t<i tiuiilc ffiitn the Nyiialius ilsrlf • • 

In diNiiiNsiri^ tlir (.Nititrilmtinu nj 
Hi u titi' ttj till' ciiltimd and Midal dev- 
clnimH'iit nf iiiiiii tlu* itiiiMntaiitr nf tin* 
Miriitifit' atlitiidt* in fit-ids ntlinr tlmn 
Hdfucf slundd hn stnsswl, thf oinni 
mind, tin- snspniisinn of jtulffjnt’nt, the* 
rt‘iidim*!vS Ui n-ftis^nisc, tlif ('(rcc'l.s of 
t'inolions, lialiits '.ind prcjndictss on 
iudg;mt'nls and ol>st;r\'utioiis- and llic* 
svillinj^ni'ss- to give \ip an xinlfiiabU* 
hypotlii’Sis arc all flerrumts of tliLs at- 
tiliKlc", In placing cmplia.sls on liow 
ninu lia.s Icanil to nrnslcr lii.s cnviion- 
incrit, tlic wnirsf encourages develop- 
ment of tliesc! unbin.scd and objective 
altitudes, 

Vniisiial Methods of Teaching 

The course is unusual in the method 
of teaching advocated. A very high 


pi-*p>iili*in 111 the ksssons are best 
faindil ,tv.,iy fioni the school, out in 
ihi' I'lininmiily oi in natural surround- 
nuts n( hnsliland, seashore, mountain 
II \alli v. This Mu'sses the extension 
1*1 Mlmatinn froni something that liap- 
pi IIS nnh in lesson periods at school 
In siiuu'thiiig that happens everywhere 
iusoKiitg eveiyone al all Limes. Edn- 
tahiin is a enutiniions process tbough- 
ont hie. In that this progiamme blurs 
the t'flges hetween school and non- 
stluinl it points losvards this and helps 
sthniil stiulent.s get ready for the edu- 
I alum of lising, 

Trxliufvh\ and Eraliwtioii 

A textliook has been published for 
the eonvse wnllen by teachers and a 
nniversily seienee I'dneationnlist, (Cull, 
Menniinidl and Meyer, 1966) This 
hook stresses the irroecsses of science 
ami has taken llu! historical story of 
the .s) Hahns a.s a theme for showing 
how scienlist.s yvork and how great dis- 
ni\ cries have been made. To accom- 
pany this book a volume of unit tests 
has been produced (Cull, McDonnell 
uud Moyer, 1967), This encourages 
pupnls to use. tests for self-diagonsis of 
piroblems and difflcnlties and to give 
giiitlanco in .study, It encourages 
teac’hiTS to use continuous evaluation 
a.s a leaching aid. 

Final tests of achievement are set by 
the N.S.W. Department of Education. 
Tliese examinations contain only multi- 
polo choice epuestions that stress achieve- 
ment of understanding of the broad 
objectives of the course. 
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Orientaiion of the Programme 

Theie is a final quality that sets the 
course aside fiom other Science courses 
in the fifth and sixth year piogramme. 
This is simply its over-all purpose and 
oiientalion. Its avowed objectives aic 
not merely to pieparc people for entry 
into scientific piofessions but to give 
them knowledge and iindei standing of 
basic concepts and of the application 
of these concepts to everyday living. 
It is the fostering of objective cnquiiy, 
and the development of mental skills 
and appropriate attitudes that are es- 
sential to a meaningful life in the last 
decades of the 20th and the first de- 
cades of the 21st centuries. 
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Ihe Niiirield 

I-oundation vScience 
leaching Pn\ject— VI: 
Labtnaitnrv flidiitics 

W*' 

Fnr BicVlngy Teaching 

Wll (ItiwiJi ^^'.1 1 1. 
I’ J. K( n V 


T HK work of the Nuffield Biolopiy 
I’rojrel rellvets a \\i(U‘ of 

ide.ij. fttr iiuproviug biology teaching 
that lifue been udvoc.ited in this c«nni- 
iry for several yeuns. It is significant 
that in many respects the fundamental 
aims tjf the Knifield work are essential- 
ly those of new courses developed, or 
being developed, in nthor countries. 
Anyone who has encountered the. mat- 
erials of the Biological Sciences Cnrri- 
CAilum .Study prochiced in the United 
States will realize, the. truth of this 
statement, while the reports of the 
Organization for Economic Co-opera- 

Reprinted from THE SCHOOL SCIENCE 


n- ir .md 1 ). \olopiiK.iit (OECD), the 
t oennonvi.dlh Education Liaison 
f 'omiittif tCKLCj) and UNESCO all 

•n-l-uv tl„ aieeptance of these aims 
•e. gnideliiirs for (he immediate future, 
\m, I aisahiattmi of the facilities re- 
'juiiid |(ti liiolngy teaching must be 

v,.d m (hr bmad light of ihE con- 
M UMis nl npiiiuin and the momentum 
Ml tbr ilfvrlopnitiils it has stimulated 
b'lth as leiMuk what N taught and how. 

1 In- ( ss« iiti.d features of the new 
!«■ i muses .ire twofold; they cover 
.1 wuhr s.niety of materials than in the 
jMsi and they etuiihasize an invesliga- 
tm\ aiiput.ieh As a result a number 
<ti lu-w tieuds me emeiging in the 
ir.u long methods employed. Individual 
i<i siiuill-gi'mip piactieal work now 
p!,i\ .1 majoi pait, The distinction be- 
twii'ii piaetical work and other aotiv- 
tins IS DO longer so apparent; 
tliseitssion is closely integrated with 
piaelieiil investigation; demonstrations 
are used as* the foci of problem-solving 
activilic-s, not jnsl for imparting infor- 
nuliou: and film loops, photographs, 
iiiodeis, liihles of experimental data 
anil mher sources- of evidence are used 
in close association with laboratory 
work. 

The widespread desire for a revalu- 
ation of .school biology teaching arose 
partly from a feeling among teachers 
that an entrenches;!, dogmatic approach 
to the subject wa.s destroying its ability 
to adnirt to changes brought about by 
new discoveries and new social and 
edncalional needs. No one wants one 
dogma to be supplanted by another 
and, indeed, the rate at which die 
science of biology is advancing and 

REVIEW: Nov.. 1967 
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teaching pioccduics aie being devised 
or improved, recpiiics that facilities 
should be as llexiblo and adaptable as 
possible. It has been said that build- 
ings and benches arc the most con- 
servative iniiucnces in .science cduea- 
lion. In luluie we must accept 
that those, together with othei facili- 
ties, must be of a loim that can be 
modified to meet the demands of a 
lealistic and continuous piogiainmc of 
cmiiculuin develoiomcnt. 

In planning for educational facilities 
we have also to beai in mind the 
changes that can he expected in the 
student population. For biology theie 
is a glowing opinion that, in future, 
a much greater pioportion of pupils at 
all levels of secondary education .should 
be given the oppoitunity to take the 
subject, and thcie arc indications that 
more will wi.sh to do .so. In addition, 
the tiends towards comprehensive 
schooling and the broader range of 
abilities of sLiidcnts staying on into the 
sixth form will require the use of a 
greater variety of .syllabuses and teach- 
ing methods. 

The Leabning Environment 

If biology courses are to be run in 
a manner that encourages investiga- 
tion, discussion and thought it is 
essential not only diat adequate mat- 
erials aie provided, but also that the 
pupils should work in an environment 
where such activities can be promoted. 
The atmosphere of this enviioumenl 
will be generated primarily by the 
teacher, but theie are a number of 
consideiations (most of them fairly 
obvious) affecting the provision and 
arrangement of facilities that can con- 


tnbute to an effective learning envuon- 

menl. 

I Facilities should be oiganizcd so 
that they can be easily utilized. 
Administi alive problems cause 
lime to be wasted and can destory 
a carefully fostered spiiit of in- 
quny more readily than any other 
lacloi. 

2. There must be provision for a cer- 
tain amount of ‘ordeied chaos’. 
Investigations with living animals 
and plants have a well-known 
tendency not to proceed accoiding 
to plan and invariably result in 
pioblems of cleanmg-up and waste 
disposal. Unless adequate pro- 
visions are made to meet such 
exigencies pool lahoratoiy discip- 
line will develop and leaining will 
be impeded. 

3. Some facilities should be available 
to pupils outside noimal time- 
table hours. Inevitably, a number 
of biological investigations are 
long-term or cannot be adequately 
completed in a teaching period. 
Individual project work for in- 
stance, is largely of this kind. 

4. The airangement of laboratory 
Furniture should allow pupils to 
undeitake work in groups of vary- 
ing size. Some lahoratoiy exercises 
can be done by individuals or pairs 
of students. OQiers can best be 
done by larger groups. Also, a 
teacher will wish to use discussion 
or demonstiation at times, either 
for the class as a whole or with 
small groups. It is essential tliat 
the teaching laboratory meets tliese 
demands. 
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1 I'lijr.,' ' sItHii ; ».»• (t"s 

it tjniT* .* ttntl>unt sji.m tli.i? 

» ti» hf »H< *1 lf»r ,1 111 l.t'.it'., Il 

■tlumlti Iff tniJ.i!.). fitr wi([k miIIi thfFu' 

* ut u jit n *'l ,i])p HiMikii. 

of li.ll.l ,111*1 Jllt'll'llil.HlllS !»• llSI-ll 

iti .(ivcii Mliiifi wilh ju.itlii.il wiirk .tnil 
iIk'U' is iilsti till' Mrittim iiji tif ri- 

IHflils, 111 111' tliilU' All HtH lufli-tctl Mir- 
f.in* IS lluHifMii' iMTtU'd vvitli rasy at- 
tt'ss til vrvit't’s, OinifHisIy, flu* iiitin* 
iiKUn llu*rt“ is lUi- IrUor. VitU a Mirlat-t* 
jtmi til Hint' vqii.iir fi'rt lar tnu'h jiair 
rtf iiHjjils ajijiiMrs lit ln' almut rijrlit. 

l-'tiir l)-U‘Vfl work, mif Kas tap and 
fit'ftric ^Miini pt*r pjiir tif pupils is 
t-nuunli. Il is far better to Imve a few 
wcH-silfd, large .sinks tliiiii u lot of 
■siriall oncss. One per six pupils* .should 
be ample. At least one .sink .should 
have a but waltu* supply. 

The .surface of the benches need,s to 
he kept us elear as po.s.sihh*. Bottle.s 
of chemieuls and reagents kept on the 
!)cuelH\s are a hindrance. So are sinks 
placed in the middle of a bench top, 

Formica or similar plastic bench sur- 


m. < * vbiih (i nd tii buckle and become 
■bpiti rs .u< not lecomnicnded, 

lb 1 , HIM- (il dir wide variety of items 
msnhfd stm.u'e underneath benches is 
M-it < .ivds .uiaugi'd. A .shelf (not a 
di.iwit ni tnjtbn.ud) on which pupils 
( III jd.it I' jiriMitial belongings and a 
*.!u,tU t.uk oil wliieh bunsea burners 
.mil Himilar ba.sie etpiipment can he 
sli.iid n useful, but otherwise it is im- 
ji 'H.iiil III keep the beiiolies free under- 
iM ,itli so th.U seating is comfortable and 
siinds Ml ( hairs can be .slowed out ot 
i!» n.A. 

.1 SjH'i utlizril ftrr'ii.s in a laboratory 

Fvtliuhug storage .space, which will 
111 tliMUSM'd later, parts of the lahora- 
liin sliunld be .set aside for specilized 
.atisities. It is important that these 
.lie distiiiel lioin the pnrprils’ working 
iiie<i<.. 

(a) Dcmtmliatiou area 

The deiuonslratioii bench should he 
of the same height i\.s other benches; it 
nee'd not hi' rai.scd. It should be of a 
good .si/e (minimum 10’ X 3’) and pre- 
sided with a sink and water supply, 
gas and electricity (15 amp and 5 amp), 
Near to tlie bench, or on it, should he 
a po,si(iou for film loop and slide pro- 
jectors. Ideally, back-projcction should 
be used so tbul there is no need to 
botlier with blackout. Of course, a 
large, clear blackboard and facilities 
for pinuing up articles or hanging 
charts arc also needed, but there Is 
.some doubt about the value of over- 
head projcclons in a biology laboratory, 
particularly bearing in mind their re- 
latively high cost. 
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V frtf hi Ip'h 

llji'i •difinlil Ui .tltMiit ft (t loiJi', \tr> 
,u(tl «Artl(5t|Hnv' a lirai* 
'.!isV ll wisfi Ifad 

“i| ,i '.jxtjiar m* US iti.iSt n.il, C’ln i) 

■ \jw uiin (tS^ iiUttKinil v't.iS'i t att lu’ 

iijt. aijti.iii.i tan 1 m |triiMii'tl anil firsli 

i))a(* rial iai‘1 oiiS, 

H i /Ji J<U! tifiSfiHnHiK tnvtt 

Idifilly ii m’IhkiI liidltiisy di’piirfinrul 
NliuuU! lia\r a M jiat.itc aiiitiial Iuium', n 
glass limisr mill ganli ti. If well niana- 
gi'tl. tiii'M* will pnaiili* giral I'clucation- 
al iuKaiilagrs ami I'usiuc an fcanoinit; 
iliul nnitiimmis supply uf living lugati- 
iMus. Ilmvincr, it is nfU*n imdiivnaVnt 
til allow flasstw aoc’i’ss In tluan or coii- 
tiiuially to have to transport organisms 
into the labosatory, For tliis reason 
soiiu! facilitiiss for keejiing living orga- 
nisms must ho availahlc in the labora- 
tory itself. For plants an indoor plant 
enclosure and/or a Waulian ehainher is 
suitable; far preferable to leaving 
plants expo,sed in the laboratory, 

A wooden tray set on stout legs oi 
part of a bench can provide the base 
for a suitable indoor irlant enclosure. A 


F '<! ?<*-hsi nifli liigli Jim of wood is 
'«-(!•(! .uif! the surface of the tray 
-’’".M hi' Hiscred with impervious 
jiVi-uti. sht I tmg A layer of gravel is 
pU.d on fop rtf tliis. Trays or pots 
I 'ul-nmni', tin- plants ic.sl on the gravel, 

\ fv.i ol Inmspaieiil plastic stretched 
f(SH ,1 utitid or metal frame will pro- 
sidf juoIhSiou fiom dust, retain mois- 
f»m‘ and some lical. 

W.iuli an ehaniher can be suitably 
built on to a window, preferably one 
•A nil sliding flames or that opens in- 
ssvuds. It should have some form oi 
^nll^hllll to piesciil nserheating other 
wise tlie f'Jass or Uansparent plastic 
emi-r shonhl he coated with a film of 
wliiii wash liming a hot summer, 

One or more lalioratory plant enclo 
Mures tonld he hnill on to a trolley each 
he, ill (1 and hi artificially, In addition, 

« Vila ligliling fiom 80-W fluorescent 
tubes in either warm wlirLc or 3500“K 
eolonr, ai ranged .so llial their height 
from the jilaiil.s can he adjusted, is 
necessary for speeding up the life cyc- 
les of eeilain plants aird experiments on 
photosynthesis. 

Beneli space being at a premium in 
most laboralorie.s, it is suggested that 
cuge.s of animals such as mice be kept 
on .shelving over benches or on a vacant 
wall, or on a trolley provrded they are 
away from draught and fluctuations of 
lempeuilnre. 

Faiiicnhir care has to be taken over 
the housing uf lire animals so that they 
can he easily fed, watered and cleaned. 
An e.xainple of how such problems can 
he o\'c;rcoine concerns mice. In the 
Nuffield courses they are used on a 
number of occasions for growth, phy- 
siological, genetical and other studies, 
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One of the mouse cages found emi- 
nently suitable for school was de- 
vised by Dr. M. E Wallace; for reseaich 
work at Cambridge. It consists of a 
polypropylene bowl of inlr'nral dinien- 
siorrs; floor »>. height 3.1 in. It 

is covered hy a wire, lid sloping down 
towards the centre of (he howl whicli is 
fitted wrth a clip airniigenrciit tlial .sc- 
cmes it firmly. On the lid a metal plate 
acts both to hold food and as a cover 
to the nesting area. A half-pint milk 
bottle supplies water. vSi,v to nine adu- 
lts for brcechng, otj a trio of two doves 
and a cluck, can he kept in the cage. 
Three shelves coutaiuing four cages 
each will occupy a wall area about 
four feet wide by two feet higli and 
will project one fool. 

A cage need only he cleaned once u 
fortnight and food leplcuLshecl about 
once a week. Mice tend to smell in 
warm, imvenlilalcd condition, s and, in 
such circuiiistance.s, rcc^uire moio fre- 
quent cleaning. However thi.s is not a 
serious problem. 

(d) Cleaning and disposal area 

The main problem of waste disposal 
in a biology laboratory concerns solid 
material. This can be collected in wire 
baskets or plastic containers which can 
be hung over the srdes of sinks and 
emptied into a dustbin. 

In addition to this dustbin, a clean- 
ing and dispo.sal area should have a 
sink with, if possible, a grinding device 
m its waste outlet, and a draining 
board of non-rnsting metal or plastic 
(not wood). One or more containers 
bolding disinfectant are needed for 
disposing of organic material, parti- 
cularly used cultures of micro- 


orgauism.s. 

Dirty glas,swaie and apparatus will 
also need to be collected and cleaned. 
,‘\gaiii, this is best collected in baskets 
HI conUrincis rather than deposited 
haphazaidlj' into the sink. A drying 
rack i,s also needed e.special]y for glass- 
ware, Ne('dlc’.s.s to say soap, detergent, 
cli'aning hru.shes, clothes and towels 
sliould he available and if there is no 
permanent hot water supply, an Ascot 
gas heater or a similar appliance will 
suffice. 

There should be enough space around 
the cleaning and di.sposal area to allow 
accc,ss for trolleys transporting mat- 
erials to and from it and to allow peo- 
qrle to move freely around, 

Probably the best situation for this 
urea is in the laboratory itself so that 
it can ho used easily by pupils, but it 
should also be near the preparation 
room and snlficiently away from the 
main teaching area to be used when 
classes are in progress. 

Outside work in ecology inevitably 
Icad.s to a cleaning-up problem. Some- 
where there should be an area where 
such itcm.s as wet gumboots, clothing 
and nets can be deposited. Good 
drying facilities should also be avail- 
able. 

It cannot be emphasized too strongly 
that an adequately organized system 
for the disposal of waste and cleaning 
up is essential for the smooth running 
of a biology course in which experi- 
mental practical work plays a large 
part. 

(e) Long-term investigations area 

In tenns of school laboratory man- 
agement, a long-term investigation is 
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one that lasts longer than one class 
teaching peiiocl, le., it has to be ac- 
commodated until the class meets 
again. While few investigations, other 
than project work, are likely to take 
more than a week or a fortnight, Cjuite 
a number last for a more limited period 

In addition, apparatins may have to 
be left up for some time so that a 
number of cla.sses can use it. A group 
of aquaria arranged for investigations 
of food relationships is a good example, 
so is the model stream suggested for 
use in the third year of Nuffield O- 
level biology course. It can be made 
from asbestos, cast-iron, galvanized 
metal or PVC guilering. Water is 
circulated Ihrongh it by a suitable 
pump. The equipment can be used not 
only for ecological studies such as the 
influence of substratum of curient 
strength on the distribution of adqualic 
organisms, but also for reaiing trout 
ova and larvae, work on the matabol- 
ism of streamdwelling animals and 
many other investigations. An allot- 
ment of bench space or shelving is 
clearly necessary for such long-term 
investigations but this need not be 
great. 

(f) Clock 

A number of experiments require 
timing. If the laboratory clock has a 
second hand it can be used for such 
work and less reliance need be placed 
on a .supply of stop-clocks or pupils’ 
watches. 

Specialized Aheas Associated With 
The Labohatohy 

Some of the more specialized activ- 
ities require facilities that need not be 


in tlic laboratory itself, but access to 
them from the laboratory should be as 
easy as possible. 

(a) Pupils’ reference area 

Departmental libraiy. A small 
depaitmental libiary is essential It is 
not sufficient just to have a biology 
section in the school libiary. Copies 
of the standard reference books, keys 
and offprint should be available in sets 
(not Just one copy). 

Other reference material, The 
pupils’ reference aiea might also house 
a collection of film loops, slide tians- 
paiencies, drawings, photographs, and 
possibly microscope slides togethei 
with the necessary piojection equip- 
ment, Tlie projectors should be easily 
moved from this area into the demon- 
stration area in the main laboratory. 

A demonstration cupboard or cup- 
boards, a pin-up board for paper 
cuttings, pictures etc. and a peg-board 
for hanging up charts and displaying 
small pieces of apparatus are also ex- 
tremely useful. 

The extent to which it is consideied 
that pupils should have access to mat- 
erials will, of course, vary with the 
circumstances of schools 

(b) Projects area 

It is now widely accepted that wortli- 
while project work by individuals and 
.small gioups can be undertaken even 
within the limited time and resources 
available to sdiool pupils. The Nuf- 
field A-level Biology Project, for 
instance, is including project work as 
an integral part of the scheme now 
being tried out in certain schools. The 
main lequirement for such work is 
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space in which experiments can be left 
undisturbed and this must be considei- 
ed as an addition to any allocated for 
long-term class investigations. Ideally 
a separate, fully-fitted small laboratory 
is needed, but much can be achieved 
using part of a class laboratory, a re- 
novated store room or shed, or by 
utilizing areas in a preparation room 
or glassbour. We suggest that pro- 
vision for project work should be given 
high prrority and space that might 
otherwise be used for storage or dis- 
play could sometimes more profitably 
be used as a project area. 

The projects room, like the pupils’ 
reference area, should be open both in 
class time and for some tune after. 

Even if it is not possible to allow 
the rest of the biology department to 
be used by individual pupils, the ref- 
erence and projects area should be 
available to them; if necessaiy on a 
supervised basis, 

(c) Special subject areas 

Certain types of practical work re- 
quiring special techniques or involving 
hazards, need to be undertaken in areas 
away from the main laboratory area. 
Some aspects of microbiological work 
and experiments involving radioactive 
materials come into this category. 

For microbiological work a small 
area is needed where subcultuiing, 
pouring media and inoculation can be 
undertaken without undue risk of con- 
tamination. The space required need 
not be large, one or more transfer 
chambers or a suitably adapted fume 
cupboard will suffice. 

On the whole it is better to confine 
work with radioactive materials to a 


special area. Their use is governed by 
regulations laid down by the Depart- 
ment of Education and Science. How- 
ever, the experience gained fron, 
working with isotopes can be of great 
value even if it is only on a relatively 
small scale. 

(d) Preparation area 

This should be as spacious as possi- 
ble since it is the hub of the laboratory 
organization. It should not be a 
storage area nor a through passage for 
pupils. Here the teacher and labora- 
tory assistant should be able to work 
unimpeded. Although not an ideal 
arrangement, part of it could be used 
as the teachers’ oflfice. 

Good lighting, gas and electricity 
points, hot and cold water, a sink and 
a waste disposal unit aie necessary, 
Adequate bench and shelving space 
also workshop facilities arc needed, 
Tiolleys should be able to move easily 
within the area. 

(e) Storage areas 

Relatively few large pieces of equip- 
ment are used in school biology 
courses (3). 

For storing certain unstable sub- 
stances such as sera, ATP and nutrient 
media, a refrigerator is essential. More- 
over, it enables recipes to be made up 
at airy convenient trme and kept until 
needed. Mhco-organisms and tissues 
from recently killed organisms can be 
kept in a refrigerator for some time 
and still remain in a suitable state for 
practical work. A deep-freeze is not a 
necessrty but if one is available, organ- 
isms such as mice and fish can be 
restored to good condition for exami- 
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nation and dissection. 

Bacteria and fungi used in experi- 
mental work usually require incubation. 
Work on development using fowls 
eggs and genetical studies with Dro- 
sophila also need a regulated tempera- 
ture above that of the laboratory. 
Hence one or more incubators are 
essential items of equipment. These 
need not be very large or expensive, 
and some success can be achieved, as 
a temporary measure, with improvisa- 
tions such as an acquarium tank heated 
with an electi'ic light bulb and lined 
with cotton wool for insulation. 

Equipment such as refrigerators, in- 
cubators, balances and autoclaves can 
be kept rn specified positions and pre- 
sent few storage problems. Micro- 
scopes, on the other hand, are another 
matter, They are used frequently, and 
therefore need to be easrly accessible, 
but intermittently and so do not war- 
rant being kept in the pupils’ working 
areas, Some schools have found it best 
to keep them on shelves, others use a 
trolley kept in the preparation room. 
The latter arrangement is an advantage 
when one set of microscopes has to 
seive more than one laboratory. 

Microscopes need to be kept dust- 
proof and this is probably best achiev- 
ed with the use of cloth or plastic 
covers. On grounds of accessibility, 
stonng microscopes in cupboards is not 
recommended unless there is a danger 
of theft or damage. 

Dangerous chemicals and other 
similar materials need to be kept in a 
cupboard that can be locked. 

In a biology course with emphasis 
on investigation a lot of small pieces 
of apparatus will be needed, Apart 


from a few items it is not feasible to 
store apparatus in the pupils’ working 
areas. It is far better to leave space 
under the benches for the pupils’ legs 
and their stools or chairs. This helps 
to keep the aisles between benches 
free of clutter, increases comfort and 
so helps discipline. 

Efficient storage depends on four 
factors : 

i) the lelationsliip between where 
the items are stored and where 
they are used, 

ii) accessibility and protection, 

iii) ease of transportation of items to 
and from where they are used, 

iv) a system for discai-ding old and 
unused items. 

In the long run it is worth spending 
some time and money working out a 
detailed storage plan for a laboratory 
bearing these factors in mind. This is 
particularly true when taking on a new 
course. 

Storage is a problem that cannot be 
solved on an ad hoc basis. If materials 
are stored as they are received without 
reference to an overall plan, inefficiency 
will inevitably result. 

It is well to remember also that stor- 
age is essentially a human problem. 
Pressure of work and familiarity with 
the surroundings sometimes make it 
difficult to perceive the real nature of 
the problem in one’s own laboratory. A 
colleague brought in from the outside 
can often be of great help with fresh 
ideas. 

(f) Types of storage 

In many school laboratories today 
cupboards with swinging doors and fix- 
ed shelves are the basic storage units. 
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Not only do they fail to provide a 
flexible method of storage, but they 
often contain a great deal of unused 
space and it is difficult to load and 
unload mateiial from them, 

If doors are necessary to piotect 
equipment they should slide wherever 
possible. An excellent type of lock is 
now available for closing themd Some- 
times curtains (to keep out dust) are 
sufficient, sometimes it is better to have 
no cover at all. Shelves should be re- 
movable and it should be possible to 
adjust their height. 

Portable plastic shelves moulded to 
hold various bits of apparatus— either 
of the same type or a collection need- 
ed for a particulai piece of work- 
have much to commend them, parti- 
cularly as they are easy to clean. Other- 
wise, wooden shelves with a small rim 
to prevent things falling off can be 
used. The shelves must, of course, 
be of a size that allows them to he 
easily moved. 

The provision of more movable shel- 
ves and drawers, sometimes in place 
of cupboards, is one of the main re- 
quirements for laboratories which are 
to compete with work of an inves- 
tigatory nature. 

One way in which storage can be 
combined with accessibility is by the 
use of trolleys. These can be literally 
shelves on wheels, and with a top that 
provides a reasonable working surface 
and a simple device like a pram biake 
foi fixing the wheels in position, they 
can be used in place of fixed benches 


iThis lock is known as the ‘Century- 
No 230’ and is made by Humphrey and 
J. Pox, Ltd., Century Works, Withenhall, 
Staffordshire. 


to piovide not only storage space, but 
a working position as well. They can 
be wheeled to wherever their contents 
aie needed. 

Whatever foim of storage is used and 
wherever it is situated, there must also 
be space, unliampered by swinging 
doois and the like, in which to monoe- 
vre. Tiems used regularly should, if 
possible, be stored at waist height. 
What is not always appreciated is that 
storage above this height can be very 
valuable. In many laboiatoiies, the 
greatest waste of space is upwards. 

There is a poweiful aigument foi 
having relatively low ceilings in labo- 
1 atones to help in providing an intimate 
teaching atmosphere, but if height is 
in excess, as it usually is, it should be 
used. Shelves m the laboratoiy oi even 
a gallery in a preparation room can 
provide extia storage space for items 
which are not constantly an use A 
fixed or adjustable step ladder will be 
needed. 

(g) Glasshouse 

This should adjoin the laboratory or 
at least be near at hand. Since the 
school heating system is liable to be 
turned off during the holidays, the 
glasshouse should be heated indepen- 
dently Oil heaters aie unsuitable be- 
cause of fumes and the only satisfac- 
tory system consists of tubular electric 
heateis with thermostatic control, 

In the summer over-heating can be a 
major problem. It can be overcome to 
some extent by an abundance of open 
windows, by using Venetian blinds or 
a fan, or by white-washing the glass 
(or applying a special preparation such 
as 'Summer Cloud' ). 
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A small, well-used glasshouse is pre- 
feiable to a large one unless there is 
adequate manpower to run it. 

If a bench, a sink and electric points 
are included experimental work can be 
undertaken and the glasshouse used as 
an extension of the project area. 

The glasshouse is the most underused 
part of many school biology depart- 
ments, When integrated closely with 
class activities it can be invaluable. 
One is essential for courses such as 
those devised by the Nuffield projects, 
(h) Animal area 

While some animals can be kep,t in 
the laboratory, it is a waste of space 
to house breeding stocks there. Sepa- 
rate arrangements are required for 
these, A shed or part of a store room 
can be sufficient. Some schools have 
used part of a glasshouse as an animal 
room, but such an arrangement faces 
great danger due to over-heating. 

The animal area should be well-ven- 
tilated but draught-proof and it must 
be easy to clean. It needs to be kept 
at laboratory temperature and any ani- 
mals requiring more heat, e.g. locusts, 
should have a heating device in their 
cages. It is an advantage to have a 
temperature gradient in the area so 
that one end is cooler than the other 
(a single window will usually achieve 
this). 

There should be a reasonable source 
of light and easy access to a water 
supply. A small cupboard is required 
in which food and other materials can 
be kept also a liberal supply of plastic 
bins for keeping such things as mouse 
food and for collecting refuse. 

Under these conditions it would be 
possible to maintain stocks of all 
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organisms required for the Nuffield 
courses 

(i) Outdoor area.',- 

Ecology receives much more aLten- 
tioii 111 the new courses. This does 
not mean that access to laige field 
areas is essential, although of course 
they can be of great benefit. There 
should, however, be some waste 
ground, a pool (natuial or artificial) 
or similar small, outdoor habitat avail- 
able. 

(]) Rain-Lcater tank 

A pipe leading from a tank just be- 
low roof level with a single tap in the 
laboiatoiy can provide an invaluable 
way of getting rain water quickly. It 
is often needed, particularly if the 
main water supply contains much chlo- 
iine or is very hard. 

Flexibility 

Routine demonstrations by tire tea- 
cher play a relatively small part in the 
new courses. Instructions for practical 
work are provided for the pupils, and 
the brighter ones can certainly carry 
on with httle assistance. Hence the 
teacher is apt to spend less time at 
the front of the class and much more 
among the students dealing with indi- 
vidual problems. Tire design of a 
laboratory for this type of work tlius 
needs to be more focussed on the act- 
ivities of the pupils than on those of 
the teacher. 

The design of a flexible laboiatory 
is no easy task and we feel there is a 
need for much moie research and de- 
velopment on this problem ( 4 ). The 
teacher has a vital role to play and 





The use of wall shelves. (Top) these microscopes are accessible, but are so situated 
that they do not interfeie with woik on the bench. (Bottom) mouse cages such as these 
occupy a relatively small part of a room if kept on wall shelves. 
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we would like to see moie article on 
this subject fiom practising teachers in 
jomnals such as The School Science 
Review. Here are a few issues wliich 
seem to use to meat further explora- 
tion; 

(a) The positioning of semces (gas, 
electricity, water) often governs 
flexibility in the use of a laboratory 
Should service centres be attached 
to benches? Would overhead cen- 
tres. some placed above benches on 
walls and some at other positions 
in the laboratoiy where movable 
benclies can be attached, be more 
suitable? 

(b) What are the best ways of u.sing 
movable benches or tiolley-ben- 
ches? 

(o) Are pupils’ positions best arranged 
singly or in bays aiound a labora- 
tory rather than in parallel rows in 
the centie? Alternatively, would 
clusters of movable benches around 
service centres in the middle of a 
laboratory oflFei more flexible facili- 
ties? 

(d) Should we not explore the carrel 
system (learning system) developed 
in the United States(4)? 

(e) Would the most suitable basic 
design for a biology teaching labo- 
ratoiy be central space with small 
bays leading oS it(4)? 

(f) How should laboratory furniture be 
developed which is simple in design 
and multi-purpose in function? 

(g) What would be the advantages of 
having partitioning walls which are 
movable and bear no load? 

No doubt there are many other ideas 
on laboratory design which could lead 
to greater efflciency and flexibility. 


Conclusion 

In this article we have attempted to 
look at the future physical needs of 
biology teaching in a general way. We 
have deliberately avoided trying to pro- 
duce an ‘ideal’ arrangement because for 
most schools reality, in the short term, 
means adapting to conditions that al- 
ready exist. Furthermore, develop- 
ments are still very much at an em- 
bryonic stage. While much work has 
been done at O level, there are deve- 
lopments in lelation to CSE (especial- 
ly relevant to comprehensive Schools) 
and for sixth forms to be considered in 
the future. FuiHiermore, a school bio- 
logy department needs to he organized 
not only in relation to its own commit- 
ments, but also in association with the 
departments of other related subjects. 

However, it is not too early to start 
thinking about this matter. The provi- 
sion of laboratory facihties must be seen 
as a carefully planned, long-term opera- 
tion. Far too many biology deparbmets 
are suffering at present from a succes- 
sion of short-term, ad hoc impiovisa- 
tions. 

Tlie experience of the trials of the 
NufBeld O— level materials indicated 
that many biology departments can be 
easily adapted to the new requirements. 
In the shoit term, lack of facilities need 
not deter schools from, at least, experi- 
menting with the new courses. Often a 
compromise can be reached by which 
modifications to the balance but not the 
principles of a course, allow it to be 
taught in apparently inimical circums- 
tances. In the long term we must ac- 
cept that adequate facilities are essen- 
tial if a high standard of teaching and 
learning is to be achieved. 
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Finally, we would emphasize that the 
provision of adequate laboratory facili- 
ties is not an issue that can be treated 
in isolation, the most lavish equipping 
of biology depaitments could nevei, of 
itself, meet out present teaching requii-e- 
ments. Three other considerations are 
complementary and paramount. First, 
there is an urgent need for more time 
to be made available to biology teachers 
for the preparation of laboratory worh. 
Second the widespread shortage of pro- 
perly trained and properly used labor a- 
toiy staff must be overcome. Tliird, 
there is a need for more efficient orga- 
nization in the development and sup- 
ply of equipment, particularly of living 
organisms. We realize that some steps 
are being talcen to overcome these pro- 
blems. However, we are not convinced, 
at present, that they are by any means 
sufficient. 
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Supplement on the 
Nuffield Foundation 
Teaching Project’s 
16-18 Programmes 


E arly in 1964 the Trustees of the 
NufEeld Foundation recognized 
that tire development of 0-level 
courses would necessitate the de- 
velopment of materials for A-level 
students. Plans have now been drawn 
up for programmes of development 
leading to a number of A-level courses- 
biology, physics, chemistry, and phy- 
sical science. The last-named course 
is intended to present the essential 
unity of the physical sciences by mate- 
rial drawn from both chemistry and 
physics. 

The planning of all A-level courses 


IS necessarily conditioned by an aware- 
ness of the rapidly growing diversity 
of interest and ability among sixth- 
form pupils. The sixih-foim is glow- 
ing very lapidly in size and it is essen- 
tial that couiscs designed for tlie sLxtli- 
forin should be flexible. They must 
provide the most able pupils with op- 
portunities for serious study m depth, 
but must also provide a meaningful 
education for those not continuing tlieii' 
education in science beyond this stage. 

Four teams have been appointed to 
cany out the development at A-level. 
The A-level biology team is being 
organized ]ointly by Mr. W. H. Dow- 
deswell of Winchester College and Mr, 
P. J. Kelly, fonneily of Bexley Gram- 
mar School. The work of this section 
is guided by a Consultative Committee 
under the chairmansliip of Professor 
John H. Burnett, Professor of Botany 
in the University of Newcastle-upon- 
Tyne and Professor D. R. Newth, Pro- 
fessor of Zoology in the University of 
Glassgow is vice-chaimian. Programmes 
in tire physical sciences are being guid- 
ed by the Joint Committee on the 
physical sciences with Professor Sir 
Nevill Mott, Cavendish Professor of 
Physics in tire Umversity of Cambridge 
as Chaiiman and professor R. S. Ny- 
holm. Professor of Chemistry in Uni- 
versity College, London, as vice-chair- 
man. The physical science course is 
the responsibility of Dr. J. E. Spice 
of Winchester College. The develop- 
ment m A-level chemisty is the respon- 
sibility of Mr, E H. Coulson, formerly 
of Braintree County High School. The 
physics project is being reconstituted 
but much of its preparatory work ha,s 
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been under the leadership of Mr. V. 

J. Long. 

A-level courses weie intioduced into 
samples of trial schools in September 
1966 in chemistiy, physical science, 
and biology, and final editions of the 
materials should be published early in 
1970 The piinciples which have guid- 
ed and deteimined the 0-level deve- 
lopments will contmue to influence the 
courses at A-level. In particular, stu- 
dents will be helped to a scientific 
understanding by means of experiment 
carried out individually, but theie is 
clearly, at this level, a need to intro- 
duce materials in a less heuristic ap- 
proach. I I 

The Examinations Boards have been 
most wilhng to assist the A-level de- 
velopments by providing special ex- 
aimnations for pupils from tiial schools. 
Arrangements similar to those for the 
0-level course have been agreed widr 
all eight GCE examining boards. In 
particular, A-level examinations will 
be provided m 1968, 1969, and 1970 in 
biology, physics, chemistiy and physi- 
cal science, The boards responsible 
for providing examination papers for 
candidates from all trial schools are 
the Joint Matriculation Board m bio- 
logy, the Oxford and Cambridge 
School Examination Board in physics, 
the University of London Board in 
chemistry and the Cambridge Local 
Examinations syndicate in physical 
science. I 1 

It was most necessary before trials 
of the courses could be mounted to be 
able to assuie pupils in trial schools 
that they would not be handicapped 
by their involvement in the Nuffield 
scheme when seeking entrance to uni- 


versities and we are most gratified by 
the interest and enthusiasm that has 
been shown in these experiments. It 
is eleai fiom the progress to date that 
physics will be lunning late compared 
with the other projects and is conse- 
cj[ucntly not included in this leport. 
We shall, however, be airanging with 
the A S.E. for its later publication. 

K W. Keohane, Co-ordinator 

THE NUFFIELD FOUNDATION 

A-LEVEL BIOLOGY SCHEME 

Introduction 

The work of the A-level Biology Sec- 
tion slaited in Januaiy 1965 and began 
with investigations of the require- 
ments of biology teaching m the sixtli- 
foim. The organizers worked in close 
co-operation with the research team of 
tire Committee of Biological Education 
whose survey has recently been pub- 
lished. 

In addition, a seiies of discussions 
weie held with groups from the Asso- 
ciation foi Science Education, Colleges 
of Advanced Technology, Colleges of 
Education, and University depart- 
ments of Biological Sciences, Medical 
and Dental Schools. Close consulta- 
tion with the many people interested 
in sixth-form biology has continued in 
order to ensure that the work of the 
project will he as lelevant and realistic 
as possible. 

A special study was also made of 
areas of subject matter that appeared 
to present particular difficulties in 
sixth-form work. 
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They were; 

1, Applied Biology 

2. Beliavioui 

3. Development and cell biology 

4, Ecology, natural selection and 
evolution 

5, Genetics, including piopulation 
genetics 

6. A biological approach to structure 
and function 

In addition a special study has been 
made of project work and its assessment. 
Working parties, consisting of teachers 
and research biologists, were set up to 
help with this work. 

Principal Aims 

The work of the Project is aimed at 
developing certain abilities in the stu- 
dents. 

a. To acquu'e information and a 
knowledge of the terminology and 
and conventions relating to the 
study of livmg systems. 

b. To classify biological data and 
to synthesize them into generali- 
zation and principles. 

c. To make relevant observations 
and ask relevant questions about 
them. 

d. To handle quantitatrve informa- 
tion and to assess the error and 
degree of significance rnvolved. 

e. To assess critically hypothetical 
statements with regard to their 
origin and application. 

f. To evaluate the implications of 
biological knowledge for human 

_ society. 

g. To analyse acquired biological 
■- : knowledge and utilize it for iden- 
tifying and solving problems with 
unfamiliar materials. 
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h. To make a creative contiibutioii 
to solving biological problems. 

Underlying each of the above abili- 
ties is the need to be able to record 
and communicate adequately and re- 
levantly both veibally and in wiiting 

We hope the scheme will piovide the 
means whereby students can develop 
the abilities enumeiated above. It will 
be conceined with biology as a single 
entity and not divided into separate 
subjects, botany and zoology. 

Theie will be contmual reference to 
the implications of biology for human 
society. Pure and applied biology, to- 
gether with biological technology, will 
be interwoven in the scheme with no 
distinction of status. Students should 
realize that pure and applied biology 
cannot be dissociated even though the 
approach to biological technology and 
pure academic research in biology can 
be different. 

The scheme will be concerned with 
all levels of biological organisation, 
namely molecular, cellular, organ and 
tissue, organism and population. It will 
provide an introduction to the major 
syntheses of biology, for example bio- 
logical diversity; genetic continuity and 
variation, evolution, and inter-relation- 
ships of structure and function, the inter- 
relationships of organisms and environ- 
ment matter and energy cycles; homeo- 
stasis, development; psychology; infor- 
mation theory in relation to living or- 
gamsms; and the relationships of differ- 
ent kinds of life cycle. 

In the trial version there aie four 
basic courses focused on the organism 
and built aiound the themes; 

The living community 

The. maintenance of the individual 
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oigaiiism 

The organism in relation to its 
environment (biotic and physical) 
developing organism. 

The mam feature of the subject mat- 
ter is that It focuses pupils’ attention 
on living oiganisms, not just biological 
principles. An attempt has been 
made to link the various biological 
disciplines so that, for example, popula- 
tion genetics and ecology aie consider- 
ed together, applied and pure biology 
are closely related and, wherever 
appropriate, physical science and 
mathematics are introduced in a 
biological context. 

It is important that some degree of 
choice of subject matter should be 
available based on particulai interests 
of teachers and students (on occasions 
these may have a vocational slant). 
Within the courses some provision for 
alternative approaches to topics will be 
made. 

Pupils will also be given eveiy op- 
portunity and encouragement to follow 
specific interests by individual study. 
For tins reason, and because of the 
unique experience that scientific in- 
vestigation can give, individual project 
work is regarded as an integral part 
of the scheme. 

As wide a variety of organisms as 
possible wiU be utilized. In attempting 
to achieve this, we intend to avoid the 
traditional study of ‘types’. Instead, the 
kinds of organisms used in the different 
courses will be carefully selected so 
that wliile tliere is a reasonable variety, 
unrealistic demands are not imposed on 
the schools and supply organizations. 

Wherevei possible, organisms will be 
selected that have some significance in 


applied biology. 

Biology should be seen as a part of 
human endeavoui and as a subject 
which has been developing over many 
centuiies There are many unansweied 
questions about life; our ideas of life 
may change as new knowledge is 
obtained. Whenever possible, the 
coiiises will be linked to life outside 
the laboraloiy and opportunities pro- 
vided for the handling and care of 
biological material and the aesthetic 
enjoyment that the subject can provide, 

In general vve would not include 
theoietical ideas for which sufficient 
diiect or indirect evidence cannot be 
pioduced. However, if a concept is 
considered essential to the continuity 
of a topic or has great theoretical 
significance, its inclusion witliout ade- 
quate evidence could be acceptable, 
provided its hypothetical nature is 
emphasized. Fuithennore, such topics 
may be used to illustrate hypothesis 
and model making as a major part of 
scientific enquiry. 

Synopsis of the Basic Courses 

It is not possible at this stage to 
provide a full synopsis of the courses, 
but the following is a brief statement 
of the rationale around which they 
have been developed. 

1. The Living Community (2 weeks) 

Students will have tlieir first experi- 
ence, at this level, of plants and animals 
in natural or simulated ‘field’ situations, 
where the organisms can be seen in 
lelation to each otlier and their sur- 
loundiugs. A few habitats are ex- 
amined. We have three major aims at 
this early stage; 
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a. To focus attention on vaiiation 
and patterns in biological mat- 
erial and methods, including 
those involving statistics, des- 
cription, identification, and 
making records. 

b. To provoke questions and guess- 
es which will be dealt with more 
fully later. Some long-term 
investigations may arise out of 
this course. 

c. To make students consider pro- 
blems of communication amongst 
biologists and the nature of 
biological explanations. 

At the outset we wish to encourage 
die acquisition of fiist-hand experience 
of organism in natuial communities 
which will be invaluable later on. 

2. The Maintenance of the Individual 
Organism (18 weeks). 

The object of this course is to study 
the activities of individuals and their 
associated structures drawn from a 
small numbei of species. Such 
studies will require the learning 
of biochemical, physiological, and 
anatomical techniques, needed also in 
other couises. The emphasis through- 
out is on the individual organism and 
its constituent parts. Some related 
applied topics arc: nutrition and diet; 
food production; the heart-lung ma- 
chine, the aitificial kidney; selective 
weedkillers. 

3 The Oiganism in elation to its En- 
vironment ( 10 weeks). 

This course will depend upon the 
examination, in Course I, of a few 
local communities such as those inhabit- 
ing waste ground, paths, lawns, and 


acquaiia, and the fundamental questions 
concerning distribution that emerged 
from It. In the autumn it will he 
necessary to collect certain seeds for 
growth later on and to start a few of 
the long-teim investigations which are 
needed in connection with ecology and 
genetics. 

In the summer term we shall be 
concerned mainly with single species 
of plants and animals and their study 
in relation both to their physical and 
biotic environments (including a study 
of social behaviour in animals). 

Related, applied topics may be; con- 
servation, biological control; agriculture; 
horticulture and fishery practices and 
human population problems 

4. The Developmg Organism 
(10 weeks) 

The programme of work will be 
designed to cover the different levels 
of developing systems; biochemical, 
cellular, tissues, organ, organism, and 
the formative processes of growth, 
differentiation, and morphogenesis. It 
will also show how development pro- 
ceeds from the general to the parti- 
cular and how patterns of development 
vary. 

Related, applied topics may be’ 
production of economic plants and 
livestock; plant and animal breeding, 
human heredity; biological hazards of 
ladiation and control of plant growth. 
The section will also include a some- 
what detailed study of mammalian re- 
pioduction. The study of development 
will be linked to those of physiology, 
ecology, behaviour, and other topics 
dealt with elsewhere. Odier courses 
are also being devised. 
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Pi ojects 

Individual project work will be 
undertaken by all students and can be 
earned out at any appropriate time, 
but it IS likely that terais 3 and 4 will 
be most suitable. It is allocated a total 
of 40 periods. 

Long-term Class Practical Work 

Some class practical work will extend 
over several weeks, e.g., breeding 
expenments in genetics. A total of 
60 periods is allocated for such work 
and any extia unscheduled activities. 
This amounts to 12 periods pei teim or, 
loughly 1 period a week. Work on 
long-term class praclicals will take up 
say, two-thirds of this time. 

School Trials 

During the academic year 1965-66 
teaching materials were prepared and 
trials of these are now taking place in 
forty-eight schools grouped in certain 
aieas of England, Wales, Northern 
Ireland, and Scotland. Local Educa- 
tion Audiorities and School Governing 
Bodies have generously financed the 
provision of equipment and other 
materials needed for the trials. 

For evaluation purposes it is neces- 
saiy for the schools to take the course 
in a fixed order. However, it is in- 
tended that the final scheme should be 
flexible and allow teacheis a great deal 
of room for manouvre and using their 
own initiative. 

Biiefing Meetings 

The teachers taking part in the 
tiials were biiefed at a conference held 
at Loughborough University of Tech- 
nology in August 1966. Meetings will 


also be held in Sheffield College of 
Education at Easter 1967 and at 
Southampton University in July 1907 
These gatheiings will also provide 
feedback information on the work so 
far and an opportunity for teachers and 
others to discuss their reactions to the 
scheme 

In addition, regular meetings are held 
in each of the trial areas. 

Evaluation 

The work of the scheme is being 
evaluated in a number of ways; first 
through the regular assessment by 
teachers of the way the work is faring 
in theii own school, second, through 
meetings as outlined above, thiid, by 
visits of small teams of observers to 
the schools; fourth, by a number of 
research biologists, teacheis, and others 
reviewing the publications, finally, by 
examinations which are currently being 
devised. 

Examinations 

Investigations are now under way of 
the uses of objectives-type papers, 
open-ended problem questions, and 
different forms of essay. In addition, 
methods of continuously assessing 
practical work are being tested in 
schools carrying out the trials. 

The work on evaluation and exami- 
nations is being closely integrated and 
an Evaluation and Examinations Com- 
mittee has been set up. This includes 
representatives from each of the Ex- 
amination Boards. 

Puhlications 

The Students’ Laboratory Guide and 
Study Book provides a series of open- 
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ended investigations and instmctions 
legarding procedure. 

A Students’ Problems Book is used 
to extend the results obtained in the 
lahoratoiy and to provide secondhand 
evidence or appraisal. 

Pamphlets for students arc used to 
introduce topics to provide background 
leading, and to review themes. 

A Teachers’ Guide is intended to 
supplement the students’ material and 
to suggest lines of approach in teaching. 

A teachers’ Laboratory Book lists the 
equipment needed for each practical 
exercise, suggests sources of living 
material and provides other technical 
information. 

The work is supported by the use of 
8mm film loops and 16 mm sound film. 

THE NUFFIELD FOUNDATION 
A-LEVEL PHYSICAL SCIENCE 
COURSE 

This course is being developed as an 
integrated approach to physical science 
in the sixth-form and is intended to be 
a study in its own right as well, suit- 
able for those wishing to proceed to 
further study in physics, chemistry, and 
technology. This subject will occupy 
a time allocation of only one full sub- 
ject and consequently a pupil besides 
studying matliematics may also have 
the opportunity of serious study in bio- 
logy or a non-scientific subject. 

The General Form of the Physical 
Science Course 

The flow diagram gives an overall 
picture of the ground we think it 
practicable to cover. We are encourag- 
ing quite considerable variations of 
timing, order, and , emphasis between 
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one school and another. Moreover, 
the varying backgrounds of the pupils 
means that a particular topic may have 
to be treated very thoroughly in one 
school while a similar thoroughness 
would produce boredom in another 
school The arrows show how each 
topic can be cioss-hnked with others, 
and how the actual sequence of topics 
may be varied. For example, the study 
of simple harmonic motion might arise 
as a result of experiments with oscil- 
lating mechanical systems, observations 
on a suitable electncal circuit, from an 
examination of the ways in wlrich 
molecules— may store energy, or from 
a consideration of the projection on a 
diameter of a body moving in a cucle 
with constant angular velocity. Giant- 
cd these differences of detail and 
timing, tire general framework of topics 
and ideas is likely to be somewhat as 
follows. 

In the first lesson or so. the pupils 
aic mvited to do quite simple things 
witlr a variety of materials. They 
might be asked to observe the exten- 
sion of metal springs or rubber bands 
when loaded; the height of rebound of 
metal or rubber halls dropped on dif- 
ferent surfaces, the effect of tempera- 
ture on properties — for instance, the 
increase in elasticity of a lead spring 
at liquid oxygen temperature; the re- 
actions between various substances, In 
these early lessons it should become 
plain to the pupils that they are going 
to be concerned with tlie properties 
and chemical reactions of materials, 
and with the interactions of materials 
with energy and with radiation. 

Throughout the subsequent develop- 
ment we shall stress the fact that be- 
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cause real materials have to be used 
in the study of physical and chemical 
behaviour, the relationships predicted 
from idealized models are subject in 
practice to quite definite limitations. In 
quantitative work it will often be 
necessary to use equations appropiiate 
to ideal situations, hut attention will 
always be drawn to theii' practical 
shortcomings. We shall try to bring 
the pupils to see these, not as tiresome 
‘inaccuracies’ but as means of penetrat- 
ing deeper into the real nature of the 
physical world. 

The experience of the early lessons 
suggests three possible lines of advance. 
In the first, some of the basic ideas of 
motion, force, momentum, and energy 
are studied. A precise meaning for 
such terms as velocity and acceleration 
is soon needed. Pupils are encouraged 
to consider the results of theii experi- 
ments in the light of such questions 
as; ‘what is meant by the velocity of a 
body subject to acceleration?’ ‘How 
does the value obtained for it by divid- 
ing a distance by a time vary, as the 
distance or time interval is made smal- 
ler, and what is the significance of this 
vaiiation?’ By considering such ques- 
tions pupils are given a physical idea 
of the meaning of differential coeffi- 
cients, and begin to appreciate the 
power of the calculus. Force, momen- 
tum, and energy are studied in the 
context of Newton’s laws, and questions 
are laised, the answers to which often 
have to be deferred ‘Why is the re- 
lationship between stress and strain 
different for a metal wire and for a 
piece of polythene,’ ‘Kinetic energy can 
be converted into potential energy — 
for instance at the moment of collision 


— but how is it actually stoied before 
the bodies rebound from one anotlier?' 
In order to answer such questions it is 
necessary to consider the microscopic 
structures of the materials concerned. 
For solids and liquids little progress is 
possible until something is known of 
the aiiangements of the atoms of mole- 
cules present, but for gases there is no 
such difficulty The relationship al- 
ready derived between foice and 
change of momentum from experiments 
with microscopic systems is now applied 
to the collisions of gas molecules with 
the walls of the containing vessel. In 
the development of the simple kinetic 
theoiy of gases, there is a first intima- 
tion of the importance of statistics in 
dealing with large-scale systems, and 
of the meaning of temperature 
The second possible line of advance 
is a consideration of phase changes, 
and the pioperties of ihe gaseous state. 
The P-V-T relationships of gases are 
investigated experimentally, and inter- 
preted in terms of the kinetic theory, 
‘Deviations from ideality’ are consider- 
ed m terms of the finite size of mole- 
cules and of the actual forces between 
them. The conditions under which the 
equation PV=nIlT can be used are 
examined, and it is then applied to a 
determination of the number of moles 
of gas present, and hence of molecular 
weights and formulae. Consideration 
of the equilibrium between a conden- 
sed phase and its vapour provides an 
introduction to some of the general 
features of equilibria and leads to a 
description of the phase relationships 
of pure compounds. A preliminary 
correlation of the heat effects of phase 
changes with the chemical nature of 
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the compounds concerned is attempted. 
Solid-liquid vapour equilibria for 
systems containing more than one 
compound are studied on the basis of 
RaouU’s law, and further methods of 
counting moles emerge. This section 
on gases and phase equilibria thus 
serves several purposes. It gives prac- 
tice in the handling and purification of 
various compounds. It begins to show 
something of tire relationship between 
chemical constitution and physical pro- 
perties, and how large-scale phenomena 
can be explained in tenns of the motions 
of molecules and the forces between 
them. It gives ways of counting moles 
and thus of finding stoichiometry and 
foaniilae 

Thirdly, a suiwey is made of the re- 
actions of a group of chemical elements 
(convenienlly, those of the second .short 
period) and of their compounds. The 
leactions of these elements with each 
otliei and with such reagents as water, 
acids, alkalis, oxygen, and chlorine are 
studied, piobably with different mem- 
bers of the class caiiying out different 
leactions, and then pooling their re- 
sults Reactions of the oxides and 
chlorides of the elements aie also look- 
ed at. Physical properties of both the 
elements and their compounds arc 
either deteimined or obtained fiom 
tables. (Piopeities such as hardness, 
melting and boiling points, electrical 
conductivity, heats of fusion, and 
vaporization, are included). All this 
raises questions about differences be- 
tween metals and non-metals, the 
relationship between properties and 
structuie, and about stoichiometric re- 
lationships and formulae. These 
questions are discussed in terms of a 


simple model of the atom, in which 
there are gioups of electrons aioimd a 
positive nucleus, with rare gases hav- 
ing stable groups. Several impoitant 
types of leaction are now considered 
in moie detail in terms or this atomic 
model. Reactions between acids and 
bases aiu followed by measurements of 
electrical conduclivity and of heat evo- 
lution, and the results inteipieted m 
tenns of a transfer of protons between 
molecules or ions with unshared pairs 
of elections. Further reactions, in 
which an acid or a base is liberated 
from one of its salts by a stronger acid 
or base, arc then seen to involve a 
competition for protons between two 
donor molecules or ions The forma- 
tion of complex compounds between 
metals and ligands is studied experi- 
mentally, and seen to involve a similar 
transference of acceptor species (now 
metallic cations) between donor mole- 
cules 01 ions. And ledox leactions are 
shown often to he best regarded as a 
transfei of electrons from one atom, 
molecule, or ion to another. The rela- 
tive strengths of oxidizing and reducing 
agents can be defined in tenns of a 
competition for electrons, just as the 
relative stiengths of donoi species 
might be assessed through the compe- 
tition for protons or cations. For redox 
reactions, however, the measurement of 
electrical potentials provides an easy 
and convenient method of determining 
these stiengths experimentally. 

The topics so far described occupy 
the first term. The remainder of the 
course will now be outlined in less 
detail. A study of electricity is sug- 
gested, not only by the pupils’ previous 
experience in this field, but by the 
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close connection between electrical 
charges and physical and chemical 
properties suggested by the work al- 
ready done. Characteristic phenomena 
occur when electric charges are separa- 
ted from one another, and charges in 
motion are identified with electric cur- 
rents. Particular attention is given to 
capacitors, use being made of the con- 
cepts of potential and energy already 
encountered in a dynamical context. 
The stoiage of energy in a dielectric is 
recalled later in the coui'se when mole- 
cular dipoles are under consideration 
Current/potential relationships for a 
number of systems are observed, and 
explanations either attempted in terms 
of what is already known, or defeiied. 
Magnetic effects arise when there is 
relative motion between chaiges, but 
the development of the phenomenon of 
electromagnetic induction is left until 
later. 

The way is now open for a systema- 
tic consideration of the evidence bear- 
ing on atomic structure. Electrons from 
heated filaments can be deflected both 
magnetically and electiically, and suit- 
able airangements of the deflecting 
fields enable the ratio e/m to be found. 
Consideration of Millikan’s expeiiment 
provides evidence for the particulate 
nature of electricity and gives a value 
fore Knowing the Faraday, Avoga- 
dro’s number can be calculated. The 
mass spectrometer principle can be 
understood, and Rutherford’s scatteimg 
experiments looked at, as evidence for 
a ‘nuclear atom. Information for 
chemical properties (periodicity, etc.) 
and from electron-impact experiments 
indicates that the electrons in atoms 
are in definite energy— states. (Specto- 


scopic evidence will probably be de- 
feiied.) The picture of ionic and 
covalent bonding hitlieito used can 
now be made slightly more precise. 
The energetics of the formation of 
ionic crystals is discussed in terms of 
ionization energies, electron afilnites 
etc., and molecular polarity considered 
on a simple electrostatic basis. Deduc- 
tions about molecular geometry are 
made from the pnnciple of lepulsion of 
electron-pairs, and packing arrange- 
ments for spherical ions explored with 
the help of polystyrene spheres, 

The properties of real gases, especial- 
ly critical phenomena, show that both 
attractive and repulsive intermoleculai 
forces exist, that is, when two mole- 
cules approach one another, the poten- 
tial energy of the system decieases to 
a minimum, and rises sbaiply as they 
come still closer together. Information 
about the shape of such curves is ob- 
tained from surface tensions and heats 
of vaporization, and such properties as 
tensile strength, thermal expansion, etc,, 
are then discussed. In this preliminary 
treatment of the connection between 
large-scale properties and intermole- 
cular forces, no account is taken of the 
effect of the specific structural features 
of solids. This will be examined later, 
when something is known of the evi- 
dence for solid s tinctures. 

Chemical equilibria are considered 
in detail. Some of the guiding princi- 
ples have been suggested by previous 
work on phase equilibria, on redox 
potentials and on the idea of a compe- 
tition for protons or cations between 
bases or ligands. The formal equilibri- 
um relationship is stated without proof, 
and IS verified by measurements on 
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suitable systems. Its application is 
illustrated mainly by systems involving 
ions-in particular, by acid-base sys- 
tems. 

Previous experimental work on cell 
reactions, phase changes, and equilibria 
generally, makes possible an element- 
ary treatment of the factors which 
determine whether or not a physical or 
chemical change can occur. The un- 
organized nature of thermal energy is 
discussed, and the concepts of random- 
ness or entropy and free energy are 
introduced. It may then be possible to 
deal briefly with the relationship be- 
tween heat and tempeialure 

These preliminary and introductory 
studies on the thermodynamic feasi- 
bility of physical and chemical process- 
es make it plain that without further 
data, no information is obtainable 
about the rates of such changes or 
about atomic or molecular mechanisms. 
The factors whidi govern the velocity 
of chemical reactions are therefore 
investigated experimentally. A detailed 
treataent of the results for a few 
selected reactions shows how such 
measurements can, in general, give in- 
formation about reaction mechamsms 
in teims of the movements and energies 
of the molecules concerned. 

Both the movements of macroscopic 
bodies and the possible motions of 
molecules, suggest a study of motion in 
a circle and of angular momentum and 
energy, and this can lead to a treat- 
ment of simple harmonic motion. But 
the kinetic and potential cneigy associ- 
ated with a single harmonic oscillator 
also has significance for molecular 
dynamics and heat capacities. Electri- 
cal oscillations are considered, and an 


examination of vibrations in coupled 
systems shows how energy can be 
transfen ed by wave motion These 
various lines of investigation conveige 
in an extended study of electromag- 
netic radiation. Inteiference and dif- 
fraction and polaiization piopei-ties aie 
observed for vanous wavelengths, but 
the photoelectric effect indicates that 
radiation also has particulate charac- 
teristics. Observations of the absorp- 
tion and emission of radiation of 
vanous wavelengths are related as far 
as possible, to the accompanying atomic 
and molecular processes It is then 
seen, in piinciple, how the results of 
such measurements can be used to 
derive information about the stiuctures 
and dynamics of molecules and of 
ciystals. 

The ideas of bonding, structure, 
equilibrium, kinetics, energetics, etc,, 
so far developed, are applied to the 
detailed experimental study of one or 
two elements and their compounds. We 
beheve it better to employ the available 
time m this way, than to attempt a 
superficial survey of a largei number of 
elements. Tins study involves the pre- 
paration of compounds in tlie various 
oxidation states of the element, and the 
determination of their compositions and 
properties. Bates of reactions are 
measured and where possible aie related 
to mechanisms, and the relative stabil- 
ities of different oxidation states are 
assessed. In this way, (for instance, 
by studying a typical non-metal and a 
transition element) first-hand experi- 
ence is gained of some important types 
of chemical and physical behaviour. 

In Older to obtain greater msight 
into the reactions of covalent com- 
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pounds and the dependence of their 
physical piopeities on structure, it is 
desirable to deal with series of closely 
related molecules. For this reason, as 
well as foi its piactical impoitance, 
much attention is devoted to the re- 
actions and propeities of organic com- 
pounds. The chemistry of carbon is 
examined m relation to that of neigh- 
bouring elements in the periodic table 
so as to distinguish the factors which 
give it such an extensive chemistry 
Aliphatic and aiomatic compounds are 
studied side-by-side, and the emphasis 
is on the way in which different types 
of reagent aSect different kinds of 
bond Practical work is directed to 
an examination of how equilibrium and 
kinetic factors detennine reaction pio- 
ducts under various conditions. 

In the later part of the course there 
IS a detailed examination of the rela- 
tionship between microscopic stitictuie 
and forces and macroscopic propeities, 
for a selected class of materials such as 
metals or high polymers. 

In all this, practical work is much 
more important than in conventional 
A-level courses. In addition, the 
equivalent of about half a term is 
given to a specihc project. This can 
be either a small research-type investi- 
gation, 01 the design and construction 
of a piece of equipment, oi the study 
in depth of a particular part of the 
course. 

School Trials 

Dining 1966-67, the course is being 
tned in sixteen schools, and work conti- 
nues on course development, involving 
the circulation of drafts, general dis- 
cussion, and consideration of the ex- 


perience of the schools in teaching tlie 
course. We have already had much 
help from university teachers through 
their membership of working parties 
set up to advise on methods of pre- 
senting specific topics, and we aie at 
present considering ways in which we 
can best continue to call on theii' help 
and goodwill. The trials schools aie 
submitting detailed reports at frequent 
intervals on the woik done, and each 
school will receive at least one visit a 
teim from a member of the physical 
science group There will also be a 
thiee-day discussion each term be- 
tween the physical science gioup and 
the teachers from the trials schools. 
Because of this methods of working, 
and because woik done in later terms 
of the course must depend on the ex- 
perience of the earlier terms, we can 
not at this stage give more Qian an out- 
line of what we hope to cover. 

Mo.st of the trials schools are allow- 
ing nine periods a week foi physical 
science, and have arranged for both 
the the physicist and the chemist con- 
cerned with the course to be jointly 
timetabled with the physical science 
set for some at least of these periods, 
It IS hoped that each teacher will thuS 
become familiar with unfamiliar paits 
of the course, and that experience will 
be gained with ‘team teaching’. 

Apparatus and Teaching Aids 

Expeiiments are being devised and 
apparatus developed, in cooperation 
with the groups producing the Nuffield 
A-level courses in physics and m 
chemistry. Ariangements are also being 
made for the joint production of film 
loops and programmed texts. 
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We cannot give a meaningful esti- 
mate of the cost of establishing the 
couise, because this will depend so 
much on the existing equipment pos- 
sessed by a school. We are, howevei, 
deteimincd to keep this cost as low as 
possible. We feel we can reasonably 
ask schools to pm chase instiuments 
which will be used time and again in 
the couise (e.g. a D.C. amplifier or a 
photoelectric colorimeter), but not ap- 
paiatus winch will be used only once 
or twice. 

The Conduct and Form of the A-level 
Examination in Physical Science 

The Cambridge Local Examinations 
Syndicate is to be responsible, on be- 
half of all the examining Boards, for 
the conduct of A-level examinations in 
physical science, in 1968, 1969, and 
1970. This will be taken by all those 
who have followed tlie Nuffield physi- 
cal science course, regardless of the 
normal G.G.E. arrangements at the 
trials schools Of the four examiners, 
two have been appointed by the Cam- 
bridge Syndicate, and two are mem- 
bers of the physical science group. The 
A-level papers muII be set in the light 
of experience in the schools during the 
trials A common written test will be 
taken each term by all the trials 
schools, and will include new types of 
cpuestions and questions on topics which 
may not previously have been examined 
at dhs level. The A-level examination 
will include a ‘speciaT paper but no prac- 
tical test. The examiners are considermg 
liow best to assess the practical work 
done by pupils throughout the course. 

A committee comprising representa- 
tives of the Cambridge syndicate and 


of the othei Boards, and of the Nuffield 
Science Teaching Pi eject, will watch 
the progress of the trials from tlie point 
of view of tire G C.E. examining Boards 
geneially 

If physical science as an A-level sub- 
ject gams increa.smg acceptance by 
schools and univeisities, syllabuses aie 
likely to be published by individual 
Boards. (Both the N.U.J.M.B. and the 
Cambridge syndicate have already 
begun to draw up such syllabuses, 
quite independently of the Nuffield 
enteiprise). It may be howevei, that 
the special anangements outlined 
above will need to be continued for a 
year or so after 1970. 

Publications in Preparation 

It is the piesent intention of the 
Nuffield Science Teaching Project to 
publish the matenals produced for all 
the A-level courses in the summer of 
1970 

For physical science we hope at pre- 
sent to produce the following books: 

1. An introduction and guide to the 
general philosophy of the course. 

2. A detailed teachers’ guide, wliich 
will include information about ap- 
paratus, demonstrations and class 
experiments, and projects. 

3 A compendium of information for 
tlie pupil, issued as loose pages or as 
a book with tear-out sheets. Such 
material may include straightforward 
exposition, experimental directions, 
reprints of portions of scientific papers, 
etc. 

4. Possibly a book oE questions and 
problems. 

Certain other materials may be pro- 
duced and published, in conjunction 
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witli the other Nuffield A-level gioups. 
These may include a book of data, 
film loops, progiammed texts, and 
backgiound leaders. 

THE NUFFIELD FOUNDATION 
A-LEVEL CHEMISTRY COURSE 

Peinchfal Aims of the coubse 

Tire chemistry course is based firmly 
on establishing three concepts of funda- 
mental importance in the study of 
chemical systems; the Central position 
of energetics in determining the feasi- 
bility and outcome of reactions, the 
relationships between the structure of 
substances and their properties, and 
the unifying pattern provided by the 
Periodic Table. In choosing material 
for study, the ability of a topic to 
illuminate one or more of these con- 
cepts has been used as a primary 
criteiion foi selection Tlie intention 
is to integrate as fully as possible the 
physical, inorganic, and organic aspects, 
and to emphasize the generahty of the 
physical principles. 

A positive attempt is being made to 
illustrate principles by using, where 
appropriate, examples from the fields of 
metallurgy, biochemistry, agricultural 
science, medicine, and chemical engi- 
neering. This IS being done partly be- 
cause the close relationslrip of the 
subjects demands it, and partly because 
pupils can scaicely be expected serious- 
ly to consider a career in one of these 
fields unless they are made aware of 
theii existence and of something of 
theii nature, scope and challenge. For 
similar reasons, economic effects and 
social changes which have resulted 
from developments in chemistry are 


aspects of the subject with wliich a 
sixth fonn pupil should be familiar, 
Engendering an appreciation of some 
of these aspects forms part of the course 
together with a realization that the 
pure science of today becomes the ap- 
plied science of tomorrow. 

The body of knowledge which is ac- 
quii-ed m the process of undergoing a 
course is detennined by the course con- 
tent, but the attitudes of mind and tire 
personal qualities which are developed 
depend upon the teaching methods 
which are used. In the integiated pat- 
tern of expeiimental woik and theory 
in the chemistry course the experiments 
are chosen so as to elicit basic princi- 
ples, and lire greater proportion are 
passed in the form of questions. Tire pu- 
pils aie expected to suggest expeiiments 
winch m ght lead to answers to the ques- 
tions, Pupils are led to suggest models 
by which chemical behaviour may be 
understood, to suggest consequences of 
these, and to search for confinnation. 
The intention is that in these ways, by 
seeking answers to leading questions, 
by the planning of experimental work, 
and bythe fonning their own inter- 
pretations and conclusions, pupils wiU 
be piovided with opportunities for 
developing an inquiring attitude of 
mind, self-ieliance, and imaginative 
thinlang 

It will be apparent that the employ- 
ment of these methods consumes more 
tunc than the traditional teaching and 
learning methods; and a corollary is 
that fewer items of chemistry can be 
considered in given time than is done 
m traditional courses. It is the belief 
of the teams involved in compiling the 
course that a greater understanding 
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and a more inquiring, critical, and self- 
leliant appioach will more than offset 
the reduction in subject-mattei. 

If the aims outlined above are to be 
fully realized in schools some changes 
in examining methods will be requued. 
These will entail new types of questions 
and new methods of assessment, parti- 
cularly of pupils practical abiUty. 
Questions to test understanding rather 
than memory, which encouiage critical 
appraisal of ideas, and stimulate im- 
aginative thinking must appear more 
frequently in examination papeis than 
has been customary in the past. Tire 
framing and testing of such questions 
is a pait of the work of the Project 

The Students for whom the Course is 
Designed 

The course is for students of chemis- 
try in the sixth form; but these aie 
very diverse in the use.s which they 
will subsequently make of their sixth 
form studies. Four principal categories 
of pupils may be seen. There are the 
future degree scientists, those who will 
study the subject at a university or 
other institution of further education 
and who may piusue careers m pure 
01 applied science There are those 
who will continue the study of science 
in further education, taking profes- 
sional examinations, some of which are 
of degree level and which range 
through the National Certificates, this 
group coveis a wide field of careers, 
as different as laboratory technicians 
and nurses A further group consists of 
future degree-level students, but whose 
subsequent studies will not be m 
chemistry; these include students for 
professional examinations in careers as 


solicitois, barristers, bankers, chartered 
accountants, and also those who will 
study undergiaduate courses in such 
subjects as the social sciences. In ad- 
dition to these three groups there is a 
fouith: the mcieasing number of pupils 
who spend one or two years in the 
sixth form and who undertake a re- 
latively shoit course of futher train- 
ing after leaving schol, entenng a wide 
range of occupations. 

No single sixth foim course in 
chemist! y can provide adequately for 
each of diese groups Sixth form 
studies have a pnme responsibility for 
future degree students, and must give 
a sound basis for further study at that 
level, they must provide opportunities 
for stretching the minds of the most 
able. But at the same time they have 
a responsibility to the other groups, 
particularly those who will continue 
with a professional training. The sixtli 
form course must provide a suitable 
preliminary to this, be within the abili- 
ties of the pupils concerned, and be 
seen to be relevant to then needs and 
interests. 

The course must therefore be reason- 
ably satisfying and complete in itself, 
not one which finds its full realisation 
only after a further three years of study 
at a university level. The Nuffield Pro- 
ject attempts to reassess the quality of 
subject material which is practicable as 
the content of a two-year sixth form 
course. 

Provisioned Synopsis of Course Content 

Topic 1. An initial look at the periodic 
table (3 weeks). 

Periodicity of physical properties 
from graphical representation of data. 
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Atomic weight and atomic numbei 
ordei. Preparation and analysis of the 
chlorides of the elements Na to S as 
indication of tiend of chemical behavi- 
our and of stoicliiometiical relation- 
ships. Extended (laigely experimental) 
siuvey of chemical behaviour and for- 
mulae to include halides, oxides, and 
hydiidcs of Peiiods 2 and 3. Brief 1ns- 
loncal background to the Periodic 
Table. 

Topic 2. Avogadio’s numbei, and the 
mole (i week) 

The mole as and Avogadro numbei 
of particles, including atoms, ions, elec- 
trons, and molecules 

The thin film, oil diop experiment 
demonstiated and less approximate value 
for N obtained. N calculated from a 
ladioactivity method, and from the 
Faiaday and the charge on tlie electron. 
Topic 3. The gas laws, and molecular 
weights (1 week), 

Ratios of combining volumes of gases. 
Avogadro’s explanation. The ideal gas 
equation. PV=nRT. Experimental 
detennination of moleciilai weights of 
gases and volatile liquids, based on the 
gas equation. 

Topic 4. Oxidation states: Oxidation 
and reduction (1 week). 

Revision of electrochemical series 
Relative nature of terms electropositive 
and electronegative. The oxidation 
state concept. Rules for assigning oxi- 
dation states Oxidation state charts. 
Oxidation and reduction as increase oi 
decrease of oxidation state. 

Experimental survey of oxidation 
states of manganese. Oxidation states 
and periodicity 

Stoichiometry of a redox reaction 
established experimentally, e.g. per- 


inanganate/iron ( 11 ) . 

Topic 5. Atomic structure and energy 
levels in atoms ( 2 - 2 -). 

The nucleus, the work of Geigei and 
Maisdcn, Moseley and Rutheiford; 
atomic number. Isotopes. The use of 
the mass spectrometer in the deteimi- 
nation of atomic weights; calculation of 
atomic weights from mass spectiometei 
results. 

Evidence foi the airangement of 
elections in energy levels, demonstra- 
tion of excitation and ionization of 
helium by electron impact; class ob- 
servation of emission of spectia of a 
lange of elements, using direct vision 
spectroscopes or gratings. Relationship 
between energy levels and spectral 
lines; and ionization energy fiom a 
convergance limit. 

Successive ionization energies for 
selected elements. 

The terms s,p, and d elections, as 
representing energy levels; spatial dis- 
U'ibution of electrons (but not of p 
and d elections). 

Radioactivity and the stiuctme of the 
nucleus, stable and unstable gioupings 
of protons and neutrons. 

Topic 6. Periodic Table studies conti- 
nued, s and p block elements (3 weeks) 

Experimental investigation of pro- 
perties of some compounds of Na, Mg, 
Ca, Sr, Ba, A1 and of the behaviour’ of 
ions of these in aqueous solution. 

Experimental investigation of pro- 
perties of some compounds of Na, Mg, 
Ga, Si, Ba, A1 and of the beha-viour of 
ions of diese in aqueous solution. 

Experimental investigabon of Ci, Br, 
I, and their compounds. 

Interpretation of results of above 
studies in terms of atomic sb'ucture 
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(including lon charge and ionic radius) 
and oxidation states. 

Stoichiometry of S O — (aq)/ I (aq) 
icaction derived practically. 

Topic 7. Energy changes, and bonding 
(2^- weeks), 

Experiments to indicate the specific 
contributions of individual bonds to 
over-all energy changes: enthalpies of 
combustion of a homologous series of 
alcohols, enthalpies of neuti'alization. 

Enthalpies of formation and bond 
energy terms; discrepancies between 
predicted and expeimiental values for 
enthalpies of formtaion leading to 
sti'uctuial intei'pietation, e.g. stiain in 
cycloalkanes, structure of benzene. 

Born-Haber cycles, lattice-energy. 
Topic 8. Stiucture and bonding (24) 
weeks 

X-ray diffraction; the Biagg equation, 
ripple tank and optical analogues of 
X-iay diffraction, as demonstrations. 
Some ciystal stmctuies to illustrate co- 
ordination number. The Avogadro 
Number from X-ray evidence. 

A Lewis-Langmuir approach to the 
stoichiometry of compounds, using 
electroncounting, ionic and covalent 
bonds; the gradation between ionic 
and covalent bonds; polaiization, Elec- 
tionegativity. The metallic bond. 

Shapes of molecules, in terais of 
repulsion between bonds and lone 
pairs of electrons. 

Overlap of electron clouds as piovid- 
ing the binding force in covalent bonds. 
The bent bond approach to multiple 
bonds. X-ray evidence for die sym- 
metiy of tlie acetate ion and the ben- 
zene ring, delocalization of electrons; 
stabilization energy of benzene. 

Topic 9 Caibon chemistry-Part 1 (8 


weeks ) . 

Chemical and physical stages in the 
establishment of structural foimulae, 
the mass spectrometer in tlie analysis 
of carboncompounds The ideas of 
alkyl groups, functional gioups, and 
isomeiism presented as the lesiilts of 
stnictural studies. 

Hydro caibons-Experimental study of 
the effects of changing shapes of mole- 
cules on physical properties of hydro- 
caibons. Experimental study of the 
chemical properties of some hydro- 
carbons. incliidmg hexane, cyclohexane, 
cyclohexeiic. and benzene. Oil as a 
som-ce of hydrocaibon fuels and petro- 
chemicals 

Alcohols-Reactions of ethanol studied 
expennentally; homolytic and heteroly- 
tic fission intioduced in discussing tile 
reactions. Laboratory pieparation of 
some compounds from ethanol. Other 
alcohols. Industrial imporance of 
alcohols 

Phenol-Pioperties studied experimental- 
ly. Increased acidity of the —OH 
group when attached to a benzene 
ring, its explanation in terms of deloca- 
lization of an oxygen lone pair of 
electrons. Preparation of phenyl 
benzene ring illustrated by ease of 
bromination and nitration 
Caiboxylic acids-Experimental study of 
die reactions of acetic acid, and the 
preparation of some compounds 
fiom it. Incieased acidity of an —OH 
group when in the carboxylic acid 
group, explanation in terras of the dis- 
tribution of electrons. Odier car- 
boxylic acids. 

Alkyl halides, aryl halides, and acyl 
halides— Experimental study of the 
piopeities of the alkyl halides, includ- 
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ing the influence of the alkyl group on 
the rates of hydiolysis and dehydro- 
halogenation. Lack of reactivity of 
chlorine in chlorobenzene; explanation 
in terms of delocalization of chlorme 
lone pair. Influence of -Cl on the 
benezene ring, mechanism of niteation 
and bromination. Properties of acyl 
halides studied experimentally. Uses 
of organic halogen compounds. 
Alkenes-lndustrial production. Pro- 
perties studied experimentally. Addi- 
tion, substitution, and elimination re- 
actions compared, Uses of alkenes and 
polyalkenes. Ketones and aldehydes- 
Diflerences between addition to alkenes 
and addition to a carbonyl group found 
experimentally; nucleophilic and elect- 
rophilic attack. Identification of a 
caibonyl compound by preparing a 
derivative. 

Amines-Experimental investigation of 
1-aminobutane and aniline. 2-amino- 
butane, optical isomerism of compounds 
containing one asymmetric carbon 
atom. 

Compounds containing two different 
iunctional groups-Experimental study 
of glycine and other amino-acids; paper 
electrophoresis. Biological importance 
of amines and amino acids. 

General methods of preparation-This 
covers all the classes of compounds 
studied 

Pioblems in synthesis— This includes 
experimental work. Stages in elucidat- 
ing tlie structure of a complex sub- 
stance Qualitative discussion includ 
ing chemical evidence, physical evi- 
dence, and confirmation by synthesis. 
Topic 10. Phase equilibria, and distil- 
lation (2J weeks). 

Experiment to obtain vapour pres- 


sure/temperature relationship for 
liquid/vapour system, plottmg log 
vapor pressure against 1/T, and con- 
nection with Hvap, Discussion of 
complete phase diagiam for a one 
component system. Van der Waal’s 
forces. 

Experimental deteimination of boil- 
ing points of hquid/liquid mixtures to 
reveal ideal and non-ideal behaviour 
Non-ideality interpreted in terms of 
inteimolecular bonding (in hydrogen- 
bonded systems). 

Experimental determination of some 
enthalpies of mixing, as further evi- 
dence of intermolecular bonding. The 
implications of these ideas foi distilla- 
tion; expeiiment to determine the 
composition of liquid and vapor during 
the distillation of a non-ideal mixture. 
Topic 11. Hydrogen bonding (Iweek). 

Anomalous properties of hydrides in 
Groups IVB, VB, VIB, and VIIB in 
the periodic table. 

The structure of ice, and of water. 

An approximate value for the strength 
of the hydrogen bond derived experi- 
mentally from enthalpy of mixing. 

Further examples of hydrogen bond- 
ing in organic and inorganic systems. 
Topic 12. Solvation (li weeks). 

Experimental study of systems in- 
volving anhydrous salts and water; 
enthalpy changes; changes in total 
volume. 

Similar studies with non-aqueous 
solvents. Ion-solvent complexes. 

Topic 13. Equilibria: gaseous and 

ionic (5 weeks). 

Qualitative experimental study of 
equilibria. Quantitative experiments 
leading to establishment of equilibrium 
law. Application of law to gaseous 
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cquiliblia, 

Expeiimental establishment of the 
equilibiiiim law for a system involving 
inns. 

Experimental studies of redox eqm- 
libiia arising from electrontransfei tn 
element/ ion and ion/ ion reactions. 
Concentiation cells. Electrode potential 
measurements. Standaid redox poten- 
tials, use to predict possible reactions, 
checlcing predictions by test-tube 
expeiiments. 

Acid/base equilibria arising from 
pioton transfer. Experimental study of 
pH and its measurement, strengths of 
acids and bases, titiation curves, buffer 
solutions, acid/base indicators. 

Topic 14. Some d block elements 
(2 weeks). 

Expeiimental study of variable oxi- 
dation stales (manganese has been 
dealt with earlier, in Topic 4) Com- 
plex formation m solution (link with 
Topic 12); stability constants (link 
with Topic 13). The transition ele- 
ments and their compounds as catalysts. 
Some alloys and then uses Tiansition 
element compounds in living organisms. 
Topic 15. Reaction rates (41 weeks). 

Qualitative experimental study of the 
reaction between peiraanganale ions 
and oxalate ions to indicate effect of 
conditions on rate, autocatalysis, mtei- 
mediate steps in reaction, and to lead 
to speculation about a possible 
mechanism 

Detailed experimental study of a first 
order and a second order reaction to 
brmg out the essential features of these, 
including relation between half-life 
time and intial concentration. 

Experimental investigation of a re- 
action in which the rate law is not 


related to the stoichiometiic equation. 

Simple collision theoiy of reaction 
rates, inadequacy of this, activation 
eneigies and tiansition com]plexes, func- 
tion of catalysts in increasing reaction 
rate. Experimental study of some 
aspects of catalysis, e.g. photo catalysis, 
enzyme action. 

Topic 16. Equilibrium, fiee energy and 
entropy (3 weeks). 

Experimental study of a range of 
spontaneous reactions (including some 
which aie endothennic). — H value 
not always only factor determmmg 
spontaneity. Spontaneity and value 
eqmlibrium constant (K) Plot of the 
log K agamst I/T to introduce relation- 
ship 2.303 log K=AH/ RT-j-constant. 

Work done during energy transfer 
between system and environment for 
mechanical systems (where limiting 
themal eneigy equals, in piinciple, 
limiting optional woik). Limiting 
optional work as measuie of changes 
from cell cfm measuiement (G- 
nef) G and picdiction of spontaneity 
(arising fiom use of E values for this 
purpose in Topic 13) Standard fiee 
eneigies of formation and their uses. 

Experimental evidence to support 
the relationship G= H — T constant. 
Hence G should not always equal H 
m chemical systems (contrast with 
mechanical systems ) . 

Expeiimental measurement of G and 
H for a icdox reaction. Identification 
of constant in above expression with 
entropy change (change in number of 
ways system can hold a given amount 
of energy). Units foi entiopy G= 
H — T S Absolute entropy values. 
Methods of measurmg entiopy. 

Values of H and S relatively in- 
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sensitive to temperature change (link 
with H and bonding studied earlier). 
Discussion of relative magnitude of G, 
H and T S factors for a range of re- 
presentative reactions. Limitations of 
use of G values for predictive purposes 
since they give no information about 
tire rate at which a change can pro- 
ceed. 

Topic 17. Carbon chemistry-pait 11 
(4 weeks). 

Natural compomids— Examples of die 
range of types of compounds present 
m nature including among others re- 
presentative fats, carbohydrates, and 
pioteins, vitamins, antiteins etc. Ex- 
peumental hydrolysis of proteins and 
the separation and identification of 
the resulting ammo-acids chiomato- 
graphically. Structures of proteins, 
and die importance of hydrogen bond- 
ing. Template mechanism of synthesis 
of proteins, Breakdown of proteins m 
the body to urea. Wool and hair as 
proteins, 

Syndietic compounds-Tlie polymeri- 
zation of alkenes, including an 
experimental investigation of the 
polymerization of styrene. Experi- 
mental investigation of the physical 
and chemical properties of die polymers 
and theii relation with structure. Dis- 
tinction between thermoplastic and 
thermosetting plastics. 

Synthesis of substitutes for natmal 
products— These are illustrated by an 
experimental study of the detergency 
of sodium salts of carboxylic acids and 
its relation to structure; preparation of 
synthetic detergents. 

Topic 18. Further periodic Table 
study (2 weeks). 

Treatment will depend to a large 


extent on the elements selected but 
will included consideration of stiuegui- 
nctiy, structure, energetics and rates. 
Where appiopiiate, attention will be 
dhccled to technological, economic, 
and social aspects of the selected 
elements and their compounds. 

Suitable elements for study include 
nitrogen, phosphorous, and sulphur. 

Topic 19 Special Studies (7 weeks). 

This section is intended to provide 
oppoilnmtics for using again, in new 
contexts, the principles studied earlier 
in the couise and foi seeing something 
of the scope of neighbouring subjects 
w’hich aie based on chemical principles, 
The intention is also to show pupils 
something of the applications and chemi- 
cal engineering of the subjects, and 
of their social and economic effects 
Theie will be an opportunity for 
pupils to undertake a pioject. Two 
topics are to be selected from the fol- 
lowing list: 

Metallurgy 

Chemical Engineering 
either Biochemistiy or Food Science 
Instiumental Metlrods of Ana- 
lysis Ion Exchange Processes 
Natural and Synthetic Fibres, 

Total Content and Time 

A week is taken to contain seven 
periods of forty-five minutes each and 
two hours of homework. A two year 
sixth form couise may be taken to 
contain 53 weeks wliich are available 
for the study of new material, and a 
few weeks for revision before the A- 
level examination. 

The present tentative course over- 
runs the time available by a few weeks, 
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and some further reduction in content 
will be necessaiy. 

School Trials 

Trials of the material produced 
during the first year of the Project’s 
work began in September, 1966. 
Twelve schools, selected to give a 
I'easonable range of pupil ability, type 
of school and geographical distribution, 
have agreed to allow one or more of 
their” sixth form sets to follow a com- 
plete two years couise. In all some 
259 pupils are involved in these trials. 
They will take a special A-level exami- 
nation m the summer of 1968. 

Publications being prepared 

1. Teachers’ Guide: This suggests 
lines of treatment for the topics in the 
course. In its general plan this is 
similar to the corresponding publica- 
tion of the 0-level project. 

2. Pupils’ Guide to Experimental 
Investigations. 

3. Data Sheets; For use in discussing 
problems and ideas arising from experi- 
mental work, and to provide informa- 
tion needed in answering questions set 
for homework and in examinations. 

4 Infoimation for Pupils: This pro- 
vides a certain amount of textbook 
material that does not appear in exist- 
ing school texts. It also discusses ap- 
plications of chemical principles to 


related fields of study, uses of sub- 
stances studied in classwork, extracts 
from original papers and other publish- 
ed material, and general background 
reading designed to provide new fields 
of interest. 

5. Specimen Problems: This will 
cover all aspects of the work done, not 
being confined to numerical problems 
only. A range of questions of different 
types (open-ended, short answer, ob- 
jective, etc ) IS provided. 

In addition to the above items, plans 
are being made for the production of a 
series of films and film loops to illus- 
trate areas of the subject best treated 
in this way. Consideration is being 
given also to the publication of a text- 
book for use by pupils. 

Working Parties 

These have been set up to serve all 
the physical Sciences projects. Their 
composition varies slightly but, in gen- 
eral, each includes a university pro- 
fessor, a university lecturer, a school 
teacher, and a member of the Head- 
quarters team. Similar Working Parties 
are being established to deal with each 
of the Special Studies in Topic 19. 

The purposes of the working parties 
are to provide expert advice on content 
and possible methods of presentation, 
and to ensure that the approach adopt- 
ed in the couise will be suited to the 
needs of future university students. 




Great Dutch Pioneers of 
Scientific Research: Hendrik 
Antoon Lorentz 


From Light Phenomena to the Theory 
of Relativity — Part I 


I T IS not eveiyone who learas to use 
a logarithm table at the age of ten, 
lives to be 75 and, at that age, is able 
to look back on professorships span- 
ning moie than half a century Such 
men are few, and they belong to a 
select band of scientists. One such 
man was Hendrik Antoon Lorentz. 
Born in 1853 at Arnhem, he obtained 
his Doctorate at the age of twenty 
thiee with a thesis on the reflection and 
refi action of light. Two years later he 
was teaching theoretical physics at the 
famous university of Leyden In addi- 


tion to perfecting the "classical” phy- 
sics, heralded by the works of Galileo, 
Huygens and Newton, Loientz achiev- 
ed international fame by laying the 
foundations for physics as we under- 
stand It today including the theory of 
lelativiLy developed by Einstein and 
modem nuclear theory. His method of 
calculating tidal currents and flood tides 
—which was of inestimable value in the 
plan which lesulLed in the damming of 
the Zuyder Zee— is still in use. 

Let us make a journey through the 
land of adventure in which Lorentz set 
out to lay a path of science almost a 
centuiy ago; a land of labyiinths and 
cul de sacs. 

His thesis, written in 1875, was im- 
mediately recognized as a work of im- 
portance. In it, he lent gieat support to 
Maxwell’s theoiy that light consisted 
of electromagnetic vibiations moving 
thiough what was known as the ether 
indeed Loientz employed this theory as 
a basis foi calculating the laws govern- 
ing the reflection and refraction of light 
Twenty years later, he developed Max- 
well’s theoiy into what we know as the 
electron theory. He envisaged charged 
atomic particles which, when caused to 
vibrate, acted as a moving charge and 
thus radiated electromagnetic vibiations; 
in other words, light. And he deduced 
that a moving charge— which was, in 
fact, an electrical current— would emit 
rays of a somewhat different wavelength 
if subjected to the influence of a magne- 
tic field. This theory, postulated by 
Lorentz when he was 42, was proved 
by Prof. Pieter Zeeman of the university 
of Amsterdam a year later. Zeeman plac- 
ed a sodium lamp between the poles of 
a powerful electromagnet; ho found 
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that when current was applied to the 
magnet, a slight variation in the wave- 
length of the light emitted by the lamp 
could be obseiYed. With the aid of 
this Zeeman effect, as it became known, 
Lorentz pointed the way to the dis- 
coveiy of the charge and mass of the 
ion or electron— the charged particle of 
the atom which formed the basis of his 
theory. We now know that the charge 
IS negative and that the mass is 1/1834 
of that of a hydrogen atom, 

The work of Prof. Zeeman rs describ- 
ed in another book in this series. The 
theory developed by Lorentz and the 
tests carried out by Zeeman led to the 
making of the first model of a hydrogen 
atom, consisting of a positively— charg- 
ed nucleus and a negative electron 
l/1834th Its size, Lorentz and Zeeman 
were jointly awarded the 1902 Nobel 
prize for physics for their work in this 
field. The atom model was gradually 
improved, the one developed by Niels 
Bohr still being of value for many pur- 
poses. 

Lorentz’s gift for presenting the most 
complicated problems in a plain and in- 
telligible manner enabled him to excel 
as a tutor; by the same token he was 
a born chairman. It is said that he 
once gave an explanation of the theory 
of relativity to a foreign colleague in 
the presence of Einstein, and that when 
he had finished Einstein remarked that 
he had never before understood the 
concept of relativity so well. In order 


that the utmost benefit might be deriv- 
ed from his exceptional powers of tea- 
ching, he was made a professor ex- 
traordinarius on reaching the age of 
seventy-at which age professors are ex- 
pected to retire— and was thus able to 
continue giving lectures. This he con- 
tinued to do until his death five years 
later. 

Hendrik Antoon Lorentz was known 
and admired tlrrough out the world. 
He presided over innumerable inter- 
national congresses, and gave many 
lectures abroad, including series at 
Columbia University in New York, the 
College de Fiance (1915), and at in- 
stitutes in Pasadena, California, etc. 
After the First World War, he threw 
himself heart and soul into the task 
of bringing about the restoration of 
international scientific relations 

With his death in 1928, the world 
lost a figure of examplaiy modesty, 
Idndness and irrepressible spirit and 
humour; but Ms scientific achievements 
have lost none of their significance. 

His electrons theory, developed upon 
the work of Maxwell, paved the way 
to our present nuclear theories. His 
views on the nature of light led him 
to conclusions eventually used by 
Einstein as a foundation for Ms theory 
of relativity Thus, the Dutch physi- 
cist Lorentz can be considered a scien- 
tist of our day even though he was 
born more than a century ago. 

Cowtesij. Radio Netherlands 



ilouna Joins 


already spent two years as a research 
assistant at tire Yale university obsei- 
valory in Newhaven, Connecticut. In 
1926, the year irr whrclr he graduated, 
he was appointed to an external teach- 
ing post at Leyden urriversity. At thir- 
ty, he became a lecturer, and five years 


AUTOCRAT OF THE 
GALAXY 


Jan Hendrik Oort 


A colleague of Professor Jan Oort 
is said to have remarked, “If yon 
speak to him on the telephone, yon 
have to listen very carefully because 
he speaks so softly. If the subject 
of the conversation is astronomy, 
listen twice as carefully and you’ll 
hear one of the greatest experts 
of our time thinking aloud.” It is 
also sard of Oort in professional circles 
that he is so clever that he doesn’t 
even know how many honorary degrees 
have been conferred on him; this is 
probably the only joke concerning the 
man who is in circulation. 

Oort was twenty six years old when 
he obtained his doctorate, and he had 


later, was Assistant Director of tire ob- 
servatory m Leyden. At the end of die 
last war he assumed the combined post 
of Professor and Director of that esta- 
blishment. 

In Holland, Oort was die driving 
foice behind the development of a new 
science, radio astronomy. Luck and a 
love of walking among the dunes com- 
bined to make him the honest finder 
of the fn-si piece of equipment used for 
observing signals from outer space; an 
abandoned dish aerial, formerly part of 
a German radar station. 

In 1956, Queen Juliana conferred an 
honour on Jan Hendrik Oort. The pre- 
sentation was made in the small village 
of Dwingelo, in the East of Holland, 
the spot chosen for what was then the 
largest radio telescope nr Europe. The 
observatory there was largely a result 
of his initiative and effort. 

What else does hrunanity owe to this 
man? It would be quite impossible to 
list all Ins achievements in a career 
spannmg more than forty years. If we 
must choose one outstanding contri- 
bution, that must surely be Oort’s work 
in unveiling the naysLeries of the struc- 
ture of die Milky Way. 

Just as, four hundred years earlier, 
Copernicus put forward die dieory that 
the sun, and not the earth, was the cen- 
tre of our planetary system, and that 
the planets rotate around tire sun in dif- 
ferent orbits and at different speeds, so 
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did Oort proceed to show that the Mil- 
ky- Way-of which the sun is but one of 
the hundred tliousand million compo- 
nents— rotates around its centre, and 
that the stars situated at a great dist- 
ance from the centre travel at a slow- 
er speed than those closer to it. The 
Oort Constants is the name given to a 
certain combination of forces which gov- 
ern therotation of the Milky Way. Simi- 
larly, his work has made it possible to 
chart the spiral structure of tlie galaxy 
and to study it in detail. It is now pos- 
sible, for example, to calculate that 
the sun and the plants in the solar sys- 
tem describe a vast orbit aiound the 
the centre of the Milky Way— an Orbit 
which takes two hundred million years 
to complete, 

For his discoveiies in this field, and 
his contribution to radio astronomy, 
Prof Ooit was awai'ded the 1966 Vetle- 
scn prize, an American award, which 
IS regarded by equal to Nobel Prizes in 
other sectors of learning. Ooit does not 
typify die modem scientist, bustling 
widi efficiency and qualities of leader- 
ship, equally, he does not conform to 
the outmoded vision of absent-minded- 
ness, long hair, stained clothing and 
dangling shoelacas. His study at the 
Leyden obseivatory is a model of 
neatness. 

Its occupant is always attentive, but 
his quiet, sometimes hesitating voice 
suggests a lack of self-confidence: he 
is not, however, a man gives to gesti- 


culation. In his lectures, he frequently 
gives the impression that something he 
has said flashed into his mind like a 
spark a second beforehand. Tall in sta- 
ture, his bearing is suggestive of the 
ascetic. He has great powers of con- 
centiation, but whedier the occupation 
of the moment be playing the piano, 
indulging m a game of table-tennis in 
the Meridian Room of the observa- 
tory, long-distance skating or admiring 
a painting, he does not create an im- 
piessiOD of being an impassioned slave. 
Jan Oort is a man of moderate habits. 
He was bom in 1900, the son of a doc- 
tor Unlike so many astronomers, he 
was not gripped by the wonders of die 
heavens as a boy He was already a stu- 
dent of mathematics and physics at 
Groningen university when he was mov- 
ed by his contact with another great 
Dutch astronomei, Prof, Kapteyn, to 
apply himself to studying die stars. He 
has frequently been approached with 
offers of a professorship on die other 
side of the Atlantic But he has always 
declined, He is loyal to Holland, and to 
Leyden in particular But his scientific 
reputation is not bound by any nation- 
al frontiers. The American Journal 
‘Look’ once published a list of the hun- 
dred greatest contemporary contnhu- 
tors to politics, science and art. There 
was only one Dutchman on that list, 
and his name was Jan Hendrik Oort. 

Courtesy. Royal Netherlands Em- 
bassy, New Delhi. 



Bread Movild 


M. Lakshmanan 

Department of Science Education, 
N.C,E.R.T. 


F or some unexplainable reason the 
common phycomycete Rhizopus 
nigncafis has been known as ‘bread 
mould.’ The implication of this common 
name is often misleading since many 
filametous fungi besides E. nigricans 
grow on bread and are mainly respon- 
sible for the spoilage of bread. Occa- 
sionally yeast and bacteria may also be 
involved. This fact is known since 1885 
when Smith associated Aspergillus 
ghucus and Mucor mucedo with ‘musty’ 
bread. Herter and Foumet in 1919 re- 


ported in addition to R. nigricans eleven 
other species of fungi from the genera 
Aspergillus, PenicilUum, Mucoi', Rhizo- 
pits and Oospoia, A stiay case of neii- 
rospora sitophila as the sole cause of 
break spoilage is also known (Reed, 
1924). In our own experience species 
of Aspergillus and Fenicillium have 
been most commonly associated with 
moldy bread. It is of course a well 
known fact that R. nigricans giows on 
bread every readily when it is inoculat- 
ed and put in a moist chamber at the 
light temperature. But many other 
fungi also behave the same way. Our 
knowledge on moldy bread so far does 
not indicate R. nigricans as the princi- 
pal oiganism associated with bread 
spoilage. Should we stdl peipetuate the 
botanical folklore of calling Rhizopus 
nigricans as the biead mould? 

Whatever may be the organism(s) 
that spoil bread the bakei has a real 
problem trying to control mould growth 
for at least a ireriod of 96 hours the 
‘freshness’ period of bread. Bread is 
sterile when it comes out of the even 
and the mould spores settle on it dur- 
ing the slicing and packing operations, 
Ultraviolet irradiation while slicing 
the bread has reduced mould growth 
but does not put off the moulds 
completely (owen, 1932) Acetic 
acid when incoiporated in bread 
or applied as a weak solution (vine- 
gar) on the surface of bread prevented 
or delayed the development of mould. 
Kirby and others (1935, 1937) have 
found that fatty acids are more toxic 
to fungi growing on mould than miner- 
al acids 01 organic acids such as lactic, 
citric, taitaiic and maleic. The most 
widely used mould inhibitors of today, 
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are sodium and calcium propionates 
which go by the name ‘mycoban . 
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A Revolution in World 
Communications 


Improved communications have tra- 
ditionally had the effect of shrinking 
the world, making it as easy over the 
years to speak to the other hemisphere 
as it used to be to the other side of 
the village street 

And technilogical advances designed 
to meet growing demand for communi- 
cations have themselves stimulated de- 
mand still further so that world commu- 
nications traffic has grown at a pheno- 
menal rate. 

But over the past few years one ad- 


vance in particular— the communication 
satellite— has begun a revolution in 
communications that is pioducmg new 
applications, new markets, new possi- 
bilities almost eveiy week. 

New Internationalism 

Television coveiage of news events in 
the United States, received live on lire 
other side of the woild as they happen, 
is now a familiar experience of millions 
of viewers. 

Behind this wonder of science that 
is now taken for granted lies a new 
internationalism— Not only in the actual 
process of communication but also in 
the planning and operation of the com- 
pbcated systems involved and in the 
manufacture of spacecraft, ground sta- 
tions and associated equipment. 

No fewer than 61 countries are now 
members of the International Telecom- 
munications Satellite Corporation (IN- 
TELSAT), the world body which is 
planning and has begun to implement a 
truly global network of communica- 
tions by satelhte. 

INTELSAT is concerned only with 
planning and acquiring the “space seg- 
ment"— that is, the satellites— leaving 
individual countries to plan and build, 
or buy, their own earth stations 

Britain’s experience in the design and 
construction of communication satel- 
lite earth stations stems from her pio- 
neer work on Manchester University’s 
250-ft diameter radio-telescope at Jod- 
rell Bank— which is still the largest 
fully steerable paraboloid aerial in the 
world—and on other smaller aerials at 
Jodrell Bank. 

Jodrell Bank know-how went into the 
Post Office earth station at Goonhilly ■, 


260 


SCHOOL SCIENCE septembeb/decembeh 1968 


Downs in Cornwall, South-west Eng- 
land, which is now being expanded to 
include a' second big aciial. 

Satellites will certainly be used to al- 
low computer to speak with computer 
from one side of the world to the 
other, ]ust as if they were next door to 
each other. 

Based on tests and calculations al- 
ready made, engineers have evolved 
schemes enabling aircraft to communi- 
cate with their base station via satel- 
lites. Many such developments can he 
solved technologically as soon as the 
commercial need is cleai. 

Othei' Frojects 

Although the United States and the 
Soviet Union have a clear lead in the 
design and construction of spacecraft, 
other countries are now becoming in- 
volved in this area of technology. 

France and Federal Geimany aie 
jointly developing a communication sa- 
tellite known as Symphonic; Euiope may 
develop another tailored to the needs 
of the Eurovision television network; 
and from now on any spacecraft order- 
ed foi INTELSAT will have to be in- 
ternational rather tlian pmely American. 

Only this week an ambitious new 
satellite, 22-ft. tall and able to handle 25 
times the communications capacity of 
the famous Eaily Bird, was proposed 
by the Hughes Airciaft Co. of Califoi- 
nia to meet die so-called INTELSAT-4 
lequirement for a new generation of 
satellites for the 1970s. 

This would be built by companies m 
11 countries. Hughes would be prime 
contractor, with the British Aircraft 
Coiporation as the major sub-contrac- 
tor and other sub-contractois in France, 


Fedeial Germany, Switzerland, Belgium, 
Italy, Sweden, Spain, Japan and Cana- 
da, 

Communications Explosion 

Satellities will not replace cables but 
will complement them, adding flexibi- 
lity over huger areas and opening up 
new maikets 

An idea of the traffic involved is giv- 
en by the capacity of the INTELSAT-4 
.spaceciaft proposed by the Hughes Air- 
ciaft Co Just one of these satellities 
will be able to carry 6,000 two-way tele- 
phone calls — 01 12 colour television pro- 
grammes. 

The experts are not exaggerating 
when they talk about a global commu- 
nications explosions expected in the 
1970s, 

Kenneth Owen 

Courtesy British Information Seiwice 

Fruit Fly Controlled By Lures 

Both food and sex lures for the 
Queensland fiuit fly, Dacus Tryoni, 
have been discovered and used to con- 
trol the past ill at least 30 inland Aus- 
tralian towns. The method should also 
assist suppression efforts along the 
eastern seaboard where the fly exists m 
a more oi less continuous population 
from noith of Gaims to Victoiia. 

Several State Departments of Agricul- 
tme have accepted the method as a pre- 
ferable alternative to mas.sive spraying 
campaigns using dangerous poison such 
as DDT. For almost a centuiy the fly 
has been regarded as Austialia’s worst 
pest of orchard crops, but a recent con- 
ference of Federal and State entomolo- 
gists declared that as a result of the im- 
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pioved contiol measures uow available 
the fiLiit fly problem could be viewed 
as one ol minor importance. 

Mr. A Willi.son, an industrial chemi.st 
in Sydney, discoveied the male lure 
some years ago. The attractant synthe- 
.sised by him is 4-(p-hydroxyphenyl) 
butan-2-one. Subsequently research by 
Di. Monio at tire Waite Agricultural 
Rc.search Institute, Adelaide, showed 
that the acctoxy derivative of this com- 
pound was even moie attractive to the 
Queensland fruit fly. This form of the 
compound also attracts the melon fly, 
DacLis ciicurbitae, which is a pest in 
other paits of the woild. 

Meanwhile, American entomologists 
had found that ceitam protein hydioly- 
sates are stiongly attractive to the ori- 
ental fiiut fly, melon fly and Mediter- 
lanean I'uut fly Tests by the New South 
Wales Department of Agricultuie con- 
firmed that this material is also appre- 
ciated by the Queensland fruit fly. 
ICIANZ Ltd, m co-operation with the 
Depaitment has since formulated a 
number of piotein hydiolysates and se- 
lected the most effective foi commercial 
production. 

Though the sex lure has greater 
drawing power and is longer lasting it 
has not pioved as effective as the food 
lure in field control experiments. How- 
ever, when both lures have been dis- 
tubuted together suppiession has been 
greatest. Thus, in an experiment cover- 
ing comparable areas where male lure 
and food hue were used separately fruit 
damage amounted to 20 per cent and 
7 pel cent respectively, but virtually no 
infested fruit was found in the areas in 
wliich the two lures were distributed. 
Malathion has been chosen as the in- 


secticide to mix with the lures because 
it presents less risk to other animals and 
humans. 

A'£W SURGERY SUCCESSFUL 

A life has been saved at the Alfred 
Hospital, Melbourne, by means of a 
pigs liver. The operation in which a 
pig’s liver was used to take over tem- 
porarily from the patient’s own liver 
was conducted by the Department of 
Surgery, Monash University, Clayton, 
with assistance from the staff of the 
Alfred's dialysis unit and biochemistry 
section. This was the first successful 
peiformance of the operation in Austra- 
lia and one of the first to be conducted 
anywhere. The technique was explored 
initially in Britain only last year. 

In the case at the Alfred the patient 
was a young pregnant woman who had 
been admitted suffering from a severe 
liver failure. Her condition was furtlier 
complicated by kidney failure and sep- 
ticaemia. After prolonged labour she 
was deliveied of a three-week prema- 
tuie, .stillborn child The symptoms of 
Iivei failure progressed, however, and 
Iwo days later she had lapsed into a 
deep coma. After 28 hours in this state, 
which normal medical procedures failed 
to alleviate, it was decided to connect 
her blood stream to a hver fleshly taken 
from a pig. 

Shunting of blood through the pig’s 
liver was maintained for nine hours 
during which the patient’s condition im- 
proved. Next day she began to relapse, 
howevei. The pig liver circuit was re- 
established and after a further eight 
hours of perfusion the patient began to 
lecover rapidly. Soon she could talk 
somewhat and control her limbs, al- 
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though full consciousness was legamed 
only over the course of a week, From 
then on improvement was continuous 
until the woman was able to leave hos- 
pital SIX weeks later She has since re- 
sumed her normal, energetic activities. 

The livei used was removed aseptical- 
ly fiom a 40-kg pig and flushed free of 
the ing’s blood. A tube inseited in a 
main artery in the woman’s arm was 
led into the vascular tiee of the pig’s 
liver. The exiting blood flowed into a 
reseivioi from which it was pumped 
back into a vein in the woman’s arm. 
The external liver adequately took over 
all important functions and relieved tire 
patient’s own liver of the need to ex- 
tiact toxic waste products, such as am- 
monia and bile, from the blood Al- 
though the patient’s blood was passed 
through the pig’s liver for a total of 17 
houis no ill effects were detected and it 
would seem that the period of relief 
could be maintained for much longer if 
necessary. 

HOT BODIES 

The Australian National Health and 
Medical Research Council has drawn 
attention to the serious hazard presented 
by corpses containing radioactive sub- 
stances. Mortuary and post-mortem 
loom attendants, hospital pathologists 
and embalmers are at risk when a patient 
who has recently been given a therapeu- 
tic dose of a radio active isotope dies 
unexpectedly. 

Because such deaths are relatively 
raie the risks of contamination by ]3eo- 
ple handling the corpses are correspond- 
ingly high unless piecautionaiy proce- 
dures are established as a routine in hos- 
pitals, The report sets out a code of 


practice for handling these corpses 
safely. Acceptable levels of radioacti- 
vity for each of the isotopes in common 
use are stated. 

Hospital peisonnel are warned not to 
peifoim necropsies or permit embalm- 
ing to be undertaken until die radio- 
activity has decayed to these specified 
levels. Instances where the mam sources 
of radioactivity can be removed from 
the corpse to make it safe are outlined. 
For example, the coipse of a patient 
given gold-198 for metastalic tumour 
may be lelieved of most of its radio- 
activity by withdi awing the ascetic fluid 
by means of a section pump. This mate- 
rial should then be kept under safe 
storage conditions for the specified time 
until its radioactivity has declined suf- 
ficiently Meanwhile, the coipse can be 
investigated or embalmed without risk. 

Cowiesy: Australian Information Service 

Scattering of Light By Sound 
Waves 

Density variations in liquid helium 
caused by the passage of sound waves 
have been detected by the way in 
which they scatter light The authors 
of the experiment, G. Jacucci and G 
Signorelli, working in Rome, say that 
this is first experimental evidence of 
this phenomenon. As such, it is a neat 
confirmation of some fascinating pre 
dictions about the pioperties of what 
remains the oddest of all liquids. 

Helium gas liquefies at 4.21° above 
the absolute zeio of temperatm'e, itself 
some 273 °G below the freezing point 
of water. The fact that liquid helium 
is conveited into a solid form only by 
comparatively high pressures explains 
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why It is so widely used as a cooling 
material at low temperatures 

At a tempeiature of 2.18° above 
absolute zero, oidinaiy liquid helium, 
however, is conveited into a second 
form, known as helium II, which is 
distinguished by machanical properties 
which are almost bizaire. For one 
thing, helium II has the properties of 
what is called a super-fluid, which 
means that in some circumstances it 
can run up and over the walls of the 
vessles containing it. 

The same fluid can also conduct two 
quite different types of sound waves, 
one of which resembles ordinaiy 
sound in that it consists of pressure 
fluctuations. The other kind, known 
as “second sound”, is unique and con- 
sists not of a pressure fluctuation but 
of a tempeiature variation. The ex- 
peiiment that has now been completed 
IS concerned with these two types of 
sound and the interaction between 
them. 

One way of geneiatmg second sound 
waves in helium 11 is to feed an alter- 
nating cuiient through a coil of wuc 
immersed in the liquid. Even if the 
fiequency of the alteination is as great 
as 10,000 cycles a second correspond- 
ing to sound with a pitch too high to 
be audible — the corresponding alter- 
nations of the temperature of the wue 
may be able to set off a temperature 
wave through the helium II. 

Second sound can be obtained also 
when ordinary sound impinges on a 
container filled with helium II One 
of the most elegant generatois of sec- 
ond sound is that developed at the 
Claiendon Laboratory, Oxford, in which 
second sound is generated by the 


ihythmic temperature fluctuations of a 
magnetically sensitive crystal exposed 
by fluctuating magnetic foices. 

The experiment earned out in Rome 
concerns the inter-actions between the 
two kinds of sound. Although the hall- 
mark of second sound is a tempeiature 
fluctuation, it was predicted some two 
years ago that in some circumstances 
tliere should also be associated tiains 
of density fluctuations in helium 11, and 
that these should travel with the same 
speed as the second sound The new 
development consists of the observa- 
tion of these density fluctuations. 

In the experiment in Rome, a beam 
of light from an argon laser has been 
shone thiough a container of helium 
II m which waves of second sound 
have been generated at frequencies be- 
tween 20,000 and 320,000 cycles a 
second — well above the pitch of oidin- 
aiy audible sounds. The fiist task is 
to measuie the fiaction of the light 
transmitted through the helium II and 
the extent to which this may be scat- 
tered off the direction of the laser- 
beam. 

The author of the expeiiment say 
the properties of helium II differ above 
and below a temperature of 2.1° above 
absolute zero. Below this temperature 
the laser beam is absorbed to an ex- 
tent winch IS closely linked with the 
degree to which the second sound it- 
self is absorbed in liquid helium. This 
is the region in which the authors sug- 
gest that they have now demonstrated 
density fluctuations accompanying the 
piopagation of second sound 

Between the temperature of 2 1° 
above absolute zero and the point at 
which helium 11 is converted into or- 
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dinaiy liquid helium, there is a moie 
complicated interaction between the 
beam of laser light and the waves of 
second sound which may be the result 
which may be the lesults of the pro- 
duction of the oidinaiy sound waves 
of the production of ordiniy sound, 
by the tiain of second sound. 

Expeiiments like these should help 
to throw light on the complicated pio- 
cesses that detennine mechanical pro- 
peities of licpiid helium. This parti- 
culai expenment is an unusual demons- 
tration of an mtei action between a light 
wave and a sound wave. 

From' Physics letters, vol. 26A p. 5 

New Techniques for Protein 
Structure 

Valuable infoimation about the 
structuie of protein molecules as being 
obtained by a technique known as 
proton magnetic resonance (PMR). 
Although the technique had been used 
with some success as a means of un- 
lavelhng the structuie of comparatively 
simple molecules, only recently it has 
been applied to the analysis of the 
slructuie of the much moie complica- 
ted protein molecules. Simplicity is 
one of the most obvious attractions 

So fai, one of the prinapal ways of 
telling how a long protein molecule is 
folded up upon itself has involved the 
scattering of X-rays from suitable cry- 
stals of a protein. In spite of the 
assistance afforded by computers, how- 
ever, this is a laborious technique 
which, in any case, applied only to 
proteins that form crystals. 

The basis of the technique is that the 
hydrogen atoms in a chemical structuie 
will oscillate at a characteristic frequ- 


ency in a suitable beam of radio waves, 
because each of them functions as a 
tiny magnet The technique consists 
of placing a sample m a strong mag- 
netic field and then observing the fre- 
quencies at which oscillations take 
place. The chaiacteiistic frequency of 
each proton is determined by its chemi- 
cal environment These are easy to 
record- the problem is to inteipret 
them in a meaningful way. 

One of the most poweiful PMR 
machines m use is at the Central Re- 
seaich Depaitment of the Du Pont 
Comiiany in the United States. In the 
cuiient issue of the Journal of the 
American Chemical Society, Dis. C. C. 
MacDonald and W D. Phillips des- 
cribe an investigation in which they 
have e.xamined three proteins iibonuc- 
lease, lysozyme and cytochiome C, 
The stiuctuies of these have already 
been deteimined by X-iay methods. 

By varying the temperature of a 
solution containing these molecule.s 
they have been able to lecoid an ac- 
companying change in the chemical 
environment of various protons in the 
piotein molecule, and hence in the con- 
foimation of the molecule as a whole. 

In othei avoids, it has been possible 
to obtain a dynamic pictiue of the con- 
formation of the molecule, as distinct 
from the essentially static one given by 
X-iay methods. The deductions made 
accoid with the evidence gained by 
other means, Drs. MacDonald and 
Philhps have for example been able to 
pick out certain proton oscillations 
which appeal in the natural protein 
conformation but not in that of the 
denatured protein. 

The same measurements have also 
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reflected the interaction between the 
en zyme lysozme and the molecule 
tliat it transforms. The importance oi 
this appioach is that it opens up the 
possibility of examining the ways in 
which protein molecules in solution 
interact with other essential compo- 
nents of biochemical machinery. 

This picliminary repoit is a staking 
example of the power of the big ma- 
chine in biology. 

How Ostriches Survive Without 
Water 

Field studies of ostiiches caiiied out 
m the Sudan have thrown up the 
somewhat unexpected result that these 
creatures rival camels in their capacity 
to survive without water. According 
to Professor J. L. Cloudsley-Thomson 
and El Rasid Musa Mohamed, writing 
from Khartum University in the cur- 
icnt issue of nature, ostiiclies “can 
survive dehydration to a greater extent 
than gazelles and moie closely resem- 
ble the camel in this respect” 

The authois point out that because 
the ostiich is a large animal it can not 
easily obtain shelter in the desert as 
smaller birds do. The observations so 
fai carried out on the ostrich struthio 
camelus have shown that it must have 
access to drinking water. 

Suivival IS, however, made easier by 
the glands which it possess in the nose 
and which function as a means of ex- 
cieting salt. These make it possible 
for ostiiches to live off brackish or even 
salty water, and this is no doubt a part 
of the explanation of why m the Sudan, 
they are often found congregated 
around salt and soda lakes. 

The experiments carried out at 


Khartum have been designed to see 
what happens when ostriches are de- 
prived of water. Halfgiown birds were 
found to lose weight steadily when so 
deprived After nine days they would 
have lost about a quaiter of their body- 
weight. By all accounts the loss of 
weight of about a thud represents the 
point at which they may die. 

Ostriches, like camels, aie able to 
make good the loss of weight which 
they suffer on dehydration in quite 
dramatic ivays. Biids kept without 
water for nine days were found to 
drink in one session enough water to 
restore all but a small fraction of their 
lost weight. They v'eie able to keep 
alive by drinking a mixture of one-fifth 
sea water and foui-flfths fresh watei, 
but they seem to be unable to main- 
tain their weight when given water that 
IS even moie salty. 

Nature-Times, News Seivice, 1967 

Blue Green Algae Help The Rice 
Crop 

The plants and bacteria which fix 
nitrogen, that is, absorb this valuable 
element from the air and make nitiogen- 
ous compounds from it, are vital to the 
whole life cycle on Earth. 

Nitiogenous compounds are 'scarce, and 
industry has bad to supplement the 
elloits of the nitrogen-fixing organisms 
by artificial means, but the natural 
nitiogen fixers still remain the most 
important, The best known of them 
are the bacteua, such as Azotohacter, 
which live in nodules on the lOots of 
leguminous plants, a partnership from 
which both sides benefit. But theie is 
now a growing amount of evidence that 
a group of very tiny plants called the 
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blue-green algae also play an rmpoi- lakes 

tant part in nitiogen fixing in nature, Mr W.Slewart of Westfield College 
they even be as important as the has been investigating the possible 
bacteria. use of blucgieen algae in another agri- 


Bkie-gieen algae aic common on 
sheets of fresh water and are found 
fonning dense masses along the mar- 
gins of the sea in some temperate 
regions. They are also often found on 
the surface of wet soil, but only on the 
surface, since like other plants they 
aie dependent on daylight for then 
growth. Their blue-green pigment 
tiaps light for energy as the chloro- 
phyll does in gzeen plants. 

The algae are particularly common 
in paddy fields, and within the last few 
years it has been realised that they are 
responsible for fixing and supplying 
much of the nitrogen needed by rice 
plants in the form of mtrates. In this 
way they are vital in providing food 
for more than half the world’s popula- 
tion. Tire next logical step is to try to 
improve ciop production, in particular 
nee by adding artificially giown cul- 
tures of blue-green algae to the fields 
Professor Watanabe, in Japan, has ear- 
ned out some pilot experiments in 
wluch large cultures of blue-gieen algae 
were added to rice crops, resulting in 
a definite improvement in the nitrogen 
content of the ciop and in its overall 
yield. At present this is not an eco- 
nomic process because of the high cost 
of culturing the algae. 

Researchers under Professor Tony 
Fogg of the Department of Botany at 
the Westfield College in North London 
are thinking of culturing algae on a 
much larger scale than has been at- 
tempted so far. One idea is to grow 
the algae in huge vats on laige open 


cultural role and has had encouraging 
results Plis idea is that it may be possi- 
ble to use blue-gieen algae to colonise 
barren arid soils, and so help to solve 
the world shortage of agricultural land. 
Blue-green algae are natural plant pio- 
neers. They are very often the first 
plants to appear on arid soils. They are 
able to foim a gelatinous mat, which 
helps to stabilise loose sand grains on 
the sill face of the soil, by gluing them 
together, and they immediately start 
to improve the nitiogen content of 
the soil and so make it possible for other 
plants to settle, with root systems which 
hold the sand together more effectively 
and prevent erosion. The prospects for 
using blue-gieen algae as soil coloniser 
in this way are good, pioviding the cul- 
ture cost banier can be broken. 

There may be a third agricultural 
use for blue-green algae; that is as a 
source of chemical extracts to encour- 
age seed growth. Experiments in India 
and at Westfield College have shown 
that algal extracts used to treat rice 
seeds make the rice grow faster and 
develop more. They increase the yield 
of the future rice plant and raise the 
protein content of the grain. No one 
is quite sure which element it is in the 
algal extract which is responsible. It 
may be nitrogenous compounds or plant 
hormones, or both. Other substances 
may be involved. But there is some 
natural biological relationship between 
algal compounds and rice growth, 
which, it has now been shown, can be 
duplicated and artifically enhanced to 
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jmpiove production of the world’s most 
important crop. 

Blue-gieen algae are frequently the 
first plants to colonise arid soils. They 
stabilise loose sand and enrich the soil 
with nitrates, making it possible for 
other plants to get a foothold. The 
algae may have been one of the first 
ozgamsms to colonise the land surface 
oi the Earth, mrllions of years ago. 

From SPECTRUM 40: Sept. 1967 

‘Basic Secret’ of Life Unlocked 

Screntists tliroughout the United 
States are drscussrng the irnplicatroris of 
what is being called the artificial crea- 
tion for the first time of the basic mo- 
lecule of life. 

The main credit for the feat goes to 
Dr Arthur Kornberg, aged 49, leader 
of the team of research workers at the 
Stanford medical centre, who shared a 
Nobel Prize for medicine widi a New 
York scientist in 1959. He is described 
by his colleagues as having had "a 26 
year long love affair with enzymes”. 

It IS said that one day a student did 
something which caused an experiment 
to fail When the student confessed to 
Professor Kornberg that he was afraid 
he had let the refrigerated enzyme 
solution with which he was working 
get too wanri, the professor admonish- 
ed him with, “you’ve got to love your 
enzymes.” 

Dr. Kornberg was asked wheather 
he believed that he and his collegues 
had succeeded in creating life m the 
test tube. He replied: “I might 
be able to answer that better if you 
would Brest care to define life. Just 
what do you mean by word?” 

In any event, the achievement is be- 


ing hailed by experts and others 
President Johnson told a gathering at 
the Smithsonian institution in Washing- 
ton that it was; “An awesome accomp- 
lishment”, adding “These men have 
unlocked a fundamental sea'et of life.” 

Plowever Dr. Mehran Goulian, a 
member of Di. Komberg’s team, said 
today it would be “many, many yeais” 
before any practical application would 
significantly help cure certain types of 
cancer, although “it might have some 
bearing on cancer.” 

Dr. Kornberg was boin in Brooklyn 
and he graduated fiom the Abraham 
Lincoln High School soon after his six- 
teenth birthday. In those days he was 
known as "the smartest kid on the 
block.” 

Pie took his Bachelor of Science deg- 
ree at City College in New York, and 
won a scholarship at Rochester Univer- 
sity 

Piofessional advancement and acade- 
mic honours soon came to him. The 
Nobel pnze which he shared witli Dr. 
Severe Ochoa, at New York University 
in 1959, was foi turning a mixture of 
ineit chemicals in a test tube into deo- 
xyribonucleic acid (DNA), but this, un- 
like the newly synthesized D.N.A., was 
biologically inactive 

His friends say that ‘Re knows what 
he is after, and can put things which 
are not of immediate importance to 
him. 

Efect of experiment on diseases 

The experiment announced by Di. 
Arthur Kombeig, who witli Dr. M 
Goulian, led die work at Standfoid Uni- 
^versity, is unquestionably one of the 
great landmarks of biology 
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The bwo biochemistry liisl isolated 
the DN.A. molecules fiom vims parti- 
cles which infact bacteria Each D.N.A 
molecule contains in a chemical code 
all the information to specify the manu- 
facture of a complete vims particle. 
They then incubated these D.N.A mole- 
cules with an enzyme and the chemi- 
cal building blocks of D.N.A, 

The enzyme has a unique pioperty of 
attaching to the D.N.A, molecules, and 
of using them as templates foi the ma- 
nufactuic of new molecules which arc 
identical copies of the oiigmal one. Dr. 
Kornbeig and Dr. Goulian pioduced 
D N,A. molecules with this enzyme and 
sepal ated the newly made molecules 
from the oiigmal templates. 

They then sent these molecules to Dr 
lb Srnsheimer of the California Institute 
of Technology at Pasadena, who infect- 
ed bacteiia with the synthetic molecules 
and showed that they could cause the 
manufacture of complete vims partic- 
les, 

A virtually identical experiment was 
earned ont in 1965 by Dr Sol Spiege- 
Iraan at the Unrversity of Illinois, but 
ho used a virus which has R.N.A, as its 
genetic material, R N A. is the other 
type of nucleic acid, hut it acts only as 
tire genetic material for a few vinrses, 
D N.A is the genetic material of all cel- 
lular oiganisms, which is why Dr, Korn- 
beig and Dr, Goulian’s expeiiment is 
more important, and has medical signi- 
ficance. 

Plow can this expeiiment be tianslat- 
ed into ways of combating diseases? 
Fust, as Di. Koinberg cautioned, tire 
use of artificial genes in medicine is 
still a long way off However, if tire 
D.N.A, oi one virus can be replicated 


in a test tube, there is every reason to 
think that similar experiments can be 
done with D.N.A, molecules from other 
viruses 

If the D N A of cancer viruses can be 
manufactured in test tubes then it 
should be possible to discoper fairly 
quickly which genes of the virus are 
responsible for inducing the cancer res- 
ponse in an infected cell. 

Nature-Times, News Service, 1967 

First Signs of Life 

New methods for detecting the con- 
dition of the foetus in the utems before 
childbirth aie being used m the Depart- 
ment of Gynaeology and obstetrics at 
the ITada.ssah-Hebievv Umveisity Me- 
dical Centic 

The death rate of mothers in child- 
biilh, once so high, has nowadays been 
reduced virtually to nil But mortality 
of the foetus has not gone down to the 
same extent and tire number of still- 
biiths has only been slightly reduced. 
So gynaecologists arc looking for new 
ways of detecting the condition of the 
foetus, so as to take remedial action if 
necessary. 

In some cases of Rh mcompatibility, 
where the mother is Rlr negative and 
the father Rh positive, tire gynaecolo- 
gists want to know whether the child 
ill the womb is affected. In hadassali, 
Prof. W, Z. Polisliuk has introduced a 
new method known as amniocentesis, 
which involves the removal of a small 
quantity of amniotic fluid from the 
womb The doctors examine the fluid 
111 a special spectiophotometnc exami- 
nation This tells them to what extent 
the child is affected and whether drey 
have to deliver it immediately by Cac- 
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saiian opeiation or whether they can 
wait for a normal delivery. 

Anotliei method being used is placen- 
tography, whereby the doctors detei- 
mine whether the placent is function- 
ing normally or not In this method 
isotopes arc used to locate and to de- 
tect any malfunction of the placenta. 
In this way, the gynaecologist can de- 
temine whether there is any danger to 
the child in the womb, as, for instance, 
m tlie third stage of pregnancy in cases 
of bleeding, or whether drugs should 
be administered to benefit the foetus 
Another technique being used at 
Hadassah to establish the condition of 
the foetus is the study of certain enzy- 
mes m the leucocytes or white blood 
cells It the enzymes change in quan- 
tity then the doctors know that the pa- 
tient must be treated or the prognosis 
should be evaluated. Or the cytology 
of the cells of the vaginal may be stu- 
died to evaluate placental function din- 
ing the last trimester of piegnancy. 

SAVING THE BABY 

The niimbei of people whose led 
blood cells arc Rh negative varies in 
difiFerent countries. In China and 
Japan, for instance, the percentage is 
as low as one per cent, among the Bas- 
ques, in Spain, it is as high as 35 Since 
Isiael IS a land of immigiation, the pei- 
centage vanes according to the countiy 
of origin of the vaiious communities; 
Yementies, Persians and Kuids have a 
two per cent Rli negative frequency, 
while the peicentage among the com- 
munities of Eiiiopean Origin reaches 
15, 

The RIi negative factor in a person's 
blood only becoine.s important when 


husband and wife show what is known 
as Rh incompatibility. In cases where 
the mother is Rh negative while the 
father is Rh positive, and, in addition, 
both his genes are Rh positive and the 
Rh positu'e factor is passed on to his 
off-spiiiig in every case, a situation 
arises in which the mother is Rh nega- 
tii'e and the foetus in her womb is Rh 
positive. The mother tlien produces 
antibodies against the red blood cells 
of the foetus, and these cause it to 
suffer from haemolytic anasmia and 
Jaundice. This invaiiably results in 
the death of the foetus if it is left in 
the uteius. In fact, the baby is doom- 
ed, unless it is removed from the womb 
and receives appropriate treatment by 
exchange transfusions. This is natural- 
ly not feasible m the fifth, sixth oi 
seventh month of pregnancy, when the 
child is not yet viable. 

Until four years ago, there was no 
solution to the problem, and all such 
babies weie born still-boni. Then a 
New Zealand doctor by the name of 
Lily performed the difiieult task of 
giving blood transfusion of fresh Rh 
negative blood to the foetus while still 
m the mother’s womb, so that it could 
continue to grow there until viable. In 
tins way, the lesults of the blood dis- 
ease were checked for a while and the 

Giving these intra-uteiine blood 
life of the foetus prolonged, 
clearly on the X-Ray television screen 
transfusions in an extiemely difficult 
technique, lequiring great skill, 
modern X-Ray television equipment 
and teams of v'ell- trained doctors. 

The transfusion is given by means 
of a needle into the body cavity of 
the foetus and theie is great danger 
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that the needle may damage the foetus 
m some way In oider to avoid this, 
a contrast medium injection is given 
into the mother’s womb before the 
tiansfusion is given to the foetus The 
foetus swallows the contrast medium 
and this causes its intestine to show up 
clearly on the X-Ray television scieen. 

To peifoiTO the transfusion X-iay 
television is used. This has the advan- 
tage that radiation is reduced to a 
minimum and the image is thrown on 
to a scieen some distance from the 
operation, so that members of the team 
can all see the operation in process. 
The doctors watch the foetus on the 
X-ray television screen and because 
the foetal intestine shows up clearly, 
the needle may be guided so that it 
does not damage any othei organs of 
the foetus, When the needle pene- 
trates the abdominal cavity of the 
foetus, a polyethylene tube is passed 
through it, and a blood transfusion of 
flesh Rh negative blood belonging to 
the 0 group is given slowly over 35 to 
40 minutes. The polyethylene tube 
and needle are then removed. 

Although there is danger to the foe- 
tus in the use of this technique, it must 
be remembered that without it the 
baby is doomed to die. A decision as 
to just when to start giving the foetus 
these intiauterine transfusions is made 
by the doctor according to a pigment 
test of the fluid in the uterus wliich 
surrounds the foetus, known as amni- 
otic fluid. This fluid is colouied yel- 
low blown by the destruction of red 
cells in the foetus. Accoiding to the 
colour of the amniotic fluid the doctor 
knows the state of the haemolytic dis- 
ease m the foetus. If tlie foetus is six 


or seven months old when the decision 
is taken that it needs these intrauterine 
transfusions, then these will have to be 
given every two weeks until the foetus 
IS big enough to be deliveied either by 
Caesarean operation or by induced 
labour. 

A team of doctors in the Gynae- 
cology Department of the Jerusalem 
Hadassah-Hebiew University Medical 
Centie has recently peifoimed this 
difficult technique of giving blood 
transfusions to a foetus while still in 
the uteius, for the first time in Israel. 
The team consisted of Dr. H. Zuker- 
man, who gave the blood transfusion 
itself, helped by Gynaecology Depart- 
ment doctois, Di. A Adoni and Dr. Y. 
Antebi, by Hadassah’s X-Ray Depait- 
menl’s Prof. A. Sohwartz and by Pedi- 
atrics Depailment doctors Dr. A. 
Simeha and Dr, Y. Schwil. 

Dr Zukeiman reports that the 
mothci, who is of Iiaqui origin, has 
been in Israel foi 17 yeais. Her 
husband is also from Iiaq. The 
mother has had three previous still- 
births in Israel. 

She came to Hadassah Hospital when 
the foetus in her fourth pregnancy was 
SIX months old. Accoidmg to the pig- 
ment Lest of the amniotic fluid, the 
foetus would die if a blood transfusion 
were not given to it within six or seven 
days. 

The baby at that age is too small to 
survive a Caesarean operation. The 
baby girl was bom last week, after 
having three blood transfusions while 
it was still in the womb, it was given 
three complete blood exchange trans- 
fusions within the 36 hours after birth. 
The baby is ten days old and is taking 
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its milk from a bottle already. The 
mother is extremely happy for she 
knows that but for this new technique 
she was doomed to be diildless. 

The intrauterine blood transfusion 
technique is being used today in 
America and England. However, it is 
regarded still as extremely difficult. 
Every case in the world is reported 
and published in literature and in only 
50 per cent of cases does foetus survive. 

Ill the last few weeks, five pregnant 
women with the RIi incompatibility 
factor have come to Hadassah for 
lieatment by means of the new tech- 
nique They know that they have now 
hope of delivering babies who are alive 
and well without the intrauterine blood 
tiansfusion technique. 

Coirtesy, Consulate of Israel, Bombay. 

A. World Oceanographic Service 
in the OflFing 

The master of a 100,000-lon tanker '• 
bound foi the Peisian Gulf, the skippei 
of a trawler on the Grand Banks, the 
family looking foiward to a holiday on 
the North sea coast share a common 
coiicem: they would dearly like to 
know what the water will be like, 

Until very recently, no one could 
hope to tell them. Meteorologists have 
been issuing daily weather forecasts 
for over a century, but oceanographers 
have had their hands full just trying 
to understand the sea without ventur- 
ing to predict its changes. 

In the past, then.’ ohseivations in the 
world’s oceans were scattered and in- 
frequent; it took months and years to 
work up data. Forecasting was out of 
the question; by the time the scientists 


thought he could state what would 
happen, it had already happened, 

The bleakness has gone out of this 
picture over the past two decades as 
oceanography became a major power 
among the sciences. Annual world ex-' 
penditures for marine research now 
amount to nearly $600 million with 
nineteen nations opeiating a fleet of 
some 500 scientific ships, 

The headlong rush of technology has 
spread its benefits over the sea. Com- 
puters cope with data in a fraction of 
the time once required; unmanned 
buoys serve as automatic weather sta- 
tions recording changes in the sea’s 
properties; artificial satellites retrans- 
mit measurements made by buoys or 
make observations of their own, taking 
in vast areas at a single-sweep of their 
instruments, 

Oceanograpliic services have made 
their bow, A few examples: Dutch 
and Gemian freighters crossing the 
North Atlantic use wave forecasts to 
save as much as hah a day off their 
lime in tiansit; the U.S. Navy makes 
ocean temperature data available to 
tune fishermen and forecast the where- 
abouts of the Gulf Stream; the U.S.S.R. 
offers a complete oceanographic ser- 
vice to ships running on the northern 
route in summer between Murmansk 
and Vladivostok. 

A further step has now been taken. 

A working committee of the Unesco- 
sponsored Intergovernmental Oceano- 
grapliic Commission is planning a 
worldwide oceanic information and 
foiecasting seivice. It already has a 
name and an acronym: IGOSS, the In- 
tegrated Global Ocean Station System. 

Members of the committee come 
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from Canada, the Federal Republic of 
Germany, France, Japan, the Nether- 
lands, Norway, the Ukrainian SSR, the 
USSR, the United Kindom and the Uni- 
ted States. Their chairman is Dr. John 
P. Tully, a leading Canadian oceano- 
grapher. Also interested in the work of 
the committe are the United Nations 
Food and Agriculture Organisation, the 
World Meteorological Organisation and 
the Internatioiial Telecommunication 
Union. 

As IGOSS is now envisaged, it should 
meet the demands, of half a dozen cate- 
gories of users. First comes shipping, 
directly interested in currents, waves, 
tides and ice conditions. Coastal warn- 
ing services particularly need forecasts 
of storm surges, surf and tsunamis. 

Fishermen require a broad spectrum 
of information on water density and 
temperature cuiients, movements of 
larger water masses, distribution of dis- 
solved oxygen, the plankton upon 
which fish graze, and water pollution. 
The presence of pollution is of even 
greater importance to health authonties 
and the millions who use the sea for 
recreation. Tire latter would also like 
to know what to expect in the way of 
water temperature and surf. 

Then there is science. All data from 
IGOSS will be available for research 


purposes and IGOSS itself is expected 
to support large research efforts. Ob- 
servations will be awaited most eager- 
ly, however, by meteorologists who 
need to learn the temperature of the 
upper layers of the ocean where future 
weather seems to be “stored”. 

To gather data, IGOSS will rely on a 
variety of sources: shore stations, light- 
ships, manned platforms m the sea, 
ocean weather ships, automatic buoys, 
drifting ice islands, satellites, research 
ships, cooperative merchant and naval 
vessels, and aircraft. 

A plan for the first phase of IGOSS, 
using these existing facilities, will be 
developed by the committee and pre- 
sented to the 60-nation Inter goveni- 
mental-Oceanographic Commission for 
approval at its Pans session in October 
1969. Plans for a second and more 
advanced phase are to be considered 
by the Commission in 1971-72. 

The oceanographic service, IGOSS, 
will be developed jointly with the 
World Weather Watch now being 
planned by the World Meteorological 
Organisation. Oceanographeis and 
meteorologists are working closely to 
get the most efficient use out of the 
precious radio frequencies that have 
been allocated to them for transmitting 
data. 
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Summer Science Institutes 



A S published in an earlier issue of 
School Science some 56 Summer 
Institutes in Science for school teachers 
were held during 1968. The Diiectors 
of these Institutes had been requested 
to send biief reports about their activi- 
ties and representative participant ac- 
count from their institutes. We publish 
below summaries of some reports 
received by us. 

Mathematics 

Summer Institute at Jadaopur Uni- 
versity, Calcutta under the Directorship 
of Dr, D. K Sinha. 

Summer Institute for mathematics 
teachers was held at this university 
from 30th May to 22nd June, 1968. 
Along with the American consultants 


there were also some British consult- 
ants at tins institute. The morning 
sessions were devoted to lectures by 
the members of the staff while the after- 
noon sessions were devoted to film 
shows and quiz, group-discussions and 
tutoiials Tliere were discussions on 
particular topics at present covered by 
tlie syllabus and also on the curriculum 
material produced by the Study Group 
in Mathematics at Jadavpur University. 
These discussions were very valuable. 
The main courses taught at the Insti- 
tute were algebra and geometry while 
the subsidiary courses were (i) linear 
programming (li) determinants and 
matrices (iii) set theory (iv) statistics. 

Some books of the S.M.P. groups 
were distnbuted to the participants 
and the Institute had a separate refer- 
ence library. Every Monday was set 
apart for an “evaluation test”. There 
were also some special lectures by ex- 
perts. 
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Dr. K. C. Newbond of North Carolina 
University gave a talk on “Rings” while 
Professor B. C. Chatterji of Calcutta 
University talked on “Foundations of 
Geometry”. A visit to the Computois 
Section to the University was organized. 

A special lectures on computers was 
given by Shrl A. C. Bera of the Inter- 
national Computors & Tabulators Co. 
Ltd. The participants and die mem- 
bers of the staff of the Institute visited 
a local liigher secondary school. During 
the period of the Institute 4 meetings 
of the Mathematical Association of 
Jadavpui were also held. The partici- 
pants attended these meetings also. A 
meeting of the Study Group in Matlie- 
matics was also held in which along 
with Heads of the schools of Calcutta 
the participants also attended. Tlierc 
was a book exhibition by different 
publishers. 

Chemistry 

Summer Institute in Chemistry at 
Regional College of Education, Mysore, 
was held from April 29, 1968 to June 8, 
1968 under the Directorship of Sii S. R. 
Rao. There were about 45 participants 
drawn fiom Training Colleges, High 
Schools and Higher Secondary Schools 
of the Southern region. The partici- 
pants lived a corporate life and there 
was a continuous evaluation and quiz 
programmes. Besides the lectures and 
laboratory work the activities included 
field trips and excursions. Some of the 
features of the programme were: 

1. Coverage of all Units and Ex- 
peiiments of the CHEM study. 

2. Discussion of Laboratory work, 

3. Film shows in-built with teach- 
ing. 


4. Continuous evaluation through 
quiz programmes. 


5. 

Seminars and 

group discus- 


sions 


6. 

Field trips to 

industrial cen- 


tres 



7. Post test to assess the impact 
of the Chemistry programme on 
the participants. 

8. Special lectures on latest deve- 
lopments in Chemistry, and last- 
ly 

9. Study of the impact of the Chem 
Study piogramme on gifted 
children. 

Biology 

Summer Institute of Biology, Madras 
Christian College. Madras 
There were 36 participants at this 
Institute which was held for the first 
time in a College and not at a Uni- 
veisity centie. The participants were 
in groups of 4 on some research pro- 
jects with the guidance of the staff. 
These projects are very simple and 
used the least equipment. The parti- 
cipant felt that similar projects could 
be worked out in school situation and 
perhaps with the collaboration of 
some talented students. There were 
such 9 projects which were worked 
out and reports on these are being 
prepared for publication. This insti- 
tute was directed by Dr. P. J. Sanjeeva 
Raj. 

PARTICIPANTS’ REACTIONS 

Mathematics Summer Institute at 
Jadavpiir University 
This Institute provided me witJi an 
opportunity to be in the midst of a 
large number of mathematics teachers 
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from all over India and two learned 
consultants from U.K. All of us spent 
six weeks in Jadavpur University hos 
tel and exchanged our views about 
Modem Mathematics as well as some 
of our social cxpeiiments. Every class 
was full of life with good humoui from 
the paiticipants as well as fiom the 
membeis of the teaching staff. The 
curriculum of Mathematics in Indian 
schools is entirely out of tune and is 
completely inconsistent with modem 
developments of mathematics in other 
countries. I have come to know that 
matrices, set theoiy, gioups etc. 
which are taught heie in B.Sc. classes 
are being taught in the high school 
classes in London. The necessity of 
changing the Mathematics syllabus at 
school level is being increasingly felt. 
We weie happy to leain that a Study 
Group in Mathematics has been fun- 
ctioning m Jadavpur University with 
Di. D. K Smha as Director. The 
participants of the Summer Institutes 
fieely discussed the curi’iculum guide 
for Geometry prepared by the Study 
Gioup for Classes V to VII. We 
found the Teachers Guides a varitable 
mind of information to the teachers of 
Modem Mathematics. I had no idea of 
the “New Mathematics' before I came 


here. We have now learned after 
coming here facts about the “set theo- 
iy" “modeller Arithmatic" “probability 
"victor algebra” “matrics” “play and 
and statistics” “linear programming” 
space geometry” “Transformation Tran- 
slation and Reflection Geometry" etc. 
We were told how these could be in- 
tioduced in our schools. 

SUKUMAB Dar 

Summer Institute in Chemistry 

(Mysore), 

The CHEM Study approach has le- 
ally been a challenging approach to 
many of us i.e. teachers. We have not 
merely fiesh knowledge of the con- 
tent but we have also been able to 
find out about natuie of scientific study 
of Chemistry. Our lectures were all 
veiy interesting very clear to us with 
the help of models, charts and experi- 
ments with humorous illustrations. Film 
shows of CHEM study series were 
very enlightened. Practical work in the 
laboratory were very instmctive. The 
pre-laboialory discussions as well as 
the post-laboratory discussions were 
very helpful to us. We were oriented 
in both contents and methods. 

Maegabet Davies 




SS 46 A ciicle (say k’) rolls, Witliout 
slipping along the inside of a 
fixed chcle (say k). The ladius of 
k IS twice the radius of k^. Des- 
cribe die padi of a fixed point on 
kb 

SS 47 Find thiee distinct natural num- 
bers such that the sum of then 
reciprocals is a natural number 
Find all possible sets of three 
distinct natural numbers which 
have this property and prove that 
those are the only possible sets. 

SS 48 Show drat the radian measure of 
an acute angle is less than the 
arithmetic mean of its sine and 
Its tangent. 


SS 49 The lengths of the sides of a 
right angled triangle aie x me- 
ties, y metres and z meties, 
where x, y, z are natural num- 
bers having no common factor, 
Show that X, y, z must be of the 
form in' — n^, 2 mn, m® -]- n^ 
(m some order), m and n being 
suitable natural numbers 
SS 50 A net of loads is shown in die 
figure given below people 
leave the point A. Flalf of them 
go in the diiection L and 



each group splits up, half gomg 
in die direction L and half in 
the direction R. Tlie same thing 
happens at each subsequents in- 
tersection. How many people will 
reach each of the three leftmost 
inteisecdons of the thousandth 
row of inteisections. (The dia- 
gram shows, Bi, Ba, B 3 to be the 
three leftmost intersections of 
the sixth row of inteisections.) 

SS 51 Prove that the integer next great- 
er than (3-1-V5)" is divisible in 2 ", 
n being any natural number 
whatsoever. 
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SS 62 What is the greatest number of 
parts into which a plane can be 
divided by 

(a) n stiaight lines; 

(b) n circles? 

SS 53 If the integers from 1 to 222, 222 
222 aie written down in succes- 
sion, how many O’s are written? 
SS 54 Two brotliers inheiit a herd of 
cattle which they sell for as many 
rupees per head as there are 
heads of cattle. They spend all 
the pioceeds to buy sheep at 


Rs, 10/“ each and one lamb for 
less than Rs 10/- They divide 
the flock of sheep and one lamb 
so that each brother has the same 
number of animals. How much 
did the lamb cost? 

SS 55 Find the smallest natural number 
which when divided by 21 leaves 
a remainder 5, when divided by 
77 leaves a remaindei 26, when 
divided by 143 leaves a remaind- 
er 4 and when divided by 221 
leaves a remainder 147. 
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CASTASIA 


TECHNOLOGY FOR 
DEVELOPING COUNTRIES 

At its closing session, the Conference 
on the Application of Science and 
Technology to the Development of 
Asia, convened in New Delhi by 
Unesco in cooperation with the United 
Nations Economic Commission for Asia 
and the Far East, has adopted a series 
of recommendations addressed to 
Asian Member States of the UN and 
Unesco. 

The conference called on the parti- 
cipating governments of Asia to en- 
deavour to reach a minimum level of 
total national expenditures on research 
and development of 1 per cent of their 
gross national product as soon as possi- 

Extracts from Unesco Features and British Infor- 
mation Service. 


CASTASIA, h/iic/i met m New Delhi, has focussed 
attention on the growing imponance of science and 
technology m the development and pi ospenty of 
Asian countiies, 


ble, but not later than 1980, this figure 
comprising current and capital expen- 
ditures financed by both governmental 
and private sources. 

The confeience further listed nine 
priority areas of action in Asia: 

1. Full use of modem communica- 
tion techniques, functional literacy 
progiammcs, science clubs and fans, 
and cooperation with appiopiiate orga- 
nizations, including women's oigamza- 
tions, to piomote the appieciation of 
science with special emphasis on rural 
populations, 

2. Improvement and expansion of 
science education at all levels by in- 
creasing the number and laising the 
qualifications of teachers with a paral- 
lel improvement of cmricula, teaching 
materials and equipment; 

3 Improvement of career prospects 
and possibilities of upgrading middle- 
level technicians, including agricultural 
technicians and technical school tea- 
chers; 

4 Expansion and improvement of 
agricultural education in connection 
with extension woiTc and application 
of inulti-disciplinaiy agricultural re- 
search programmes, both basic and 
problem-onented; 

5. Strengthening and linkmg of ex- 
isting information and documentation 
centres estahlisliment of new centres 
and possibly regional information clear- 
ing houses, rationalization of existing 
systems through maximum use of 
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modeiii techniques of leproduction, 
abstracting and data iiiocessing; 

6. Development of human scientific 
and technological potential through 
impioved training, employment and 
working conditions and equal education- 
al opportunities foi all, 

7. Collaboration between universi- 
ties and laboratones and creation of 
institutes for advanced studies to fos- 
ter scientific research and teclmologi- 
cal development, 

8. Fonnulation and implementation 
of national policies integrating educa- 
tion, reseaich, technology and indus- 
tiy, based on the piinciple of endogen- 
ous development and integrated with 
development planning policies at the 
highest governmental level, 

9. Promotion of international and re- 
gional coopeiation through the ex- 
change of infonnation and scientific 
personnel, the pooling of resources and 
the transfer of apiopiiale technology. 

On the subject of the tiansfer 
of technology, it was specifically re- 
commended that ; 

1. Technology transfer and informa- 
lion centres be set up urgently with 
their functions proposed by the UN 
Economic and Social Council’s Advi- 
sory Committee on the Application of 
Science and Technology to Develop- 
ment, and with branches wherever 
necessary, to provide assistance to en- 
terprises in identifying their technolo- 
gical needs, the availability of external 
aid and in the negotiation of agree- 
ments; 

2. The UN Secretary-General be in- 
vited to review the overall position of 
the work done in the field of the trans- 
fer of technology by different UN bodies 


and to draw up a comprehensive plan 
and piogi'amme of action for operat- 
ing the transfer of technology. 

3. The Confer ence also recommend- 
ed that the Unesco Dii-ector-General be 
invited by the Unesco General Con- 
ference to study ways and means of 
establishing in Asia— under Unesco’s 
auspices together with ECAFE and in 
collaboiation with the appropriate in- 
tei national legional organization-peima- 
nent machinery to keep under regular 
review, stimulate and facilitate the co- 
opeiation of Member States represent- 
ed at the New Delhi conference so 
that Its recommendations can be im- 
plemented. 

The scale and nature of economic 
development between developing coun- 
tries and between the different sectors 
of theii economies is determined by a 
wide lange of local factors— for exam- 
ple, natural resources and technical 
skills, the relative availability and costs 
of capital and labour, and the size of 
existing or potential markets for pro- 
ducts The choice of the appropriate 
technology for development has now 
been recognised as one of tire major 
problems, and this is reflected in the 
shajring of donors’ aid programmes to 
provide the type of equipment and 
technical assistance most relevant to 
particular cases 

In some developing countiies, advan- 
ced sophisticated technology is highly 
relevant both technically and economi- 
cally m certain sectors of the economy 
—for example, in establishing by cour- 
tesy British Information Service large- 
capacity steel plants, hydro-electric 
power stations, and mining enterprises. 
Advanced processes may frequently 
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need to be modified to meet local con- 
ditions and limited maikets, for ex- 
ample, a low-cost steel plant with 
an output calculated in thousands 
rather than millions of tons a year, or 
cement, fertiliser and petrochemical 
plants similarly scaled down in size. 

However, in many developing coun- 
tries small-scale industry is usual, 
particularly where agriculture predo- 
minates, and heie even scaled-down 
versions of standard industrialised pro- 
cesses may be as yet inappropriate to 
deal with the problems arising from 
pool quality of output and the limita- 
tions imposed by low standards and 
under-employment. 

The terni “intermediate technology” 
has been used to apply to the sort of 
low-cost, simple, labour-intensive tech- 


nology appropnate to this situation. It 
has been realised that, although there 
IS a glowing scope for highly sophisti- 
cated equipment in certain sectors of 
the economies of many developing 
couutnes, yet undue concentration 
upon capital-intensive industrialisation 
does not necessarily bring benefits to 
agriculture, and also provides little ad- 
ditional employment, while it is liable 
to place great strain upon the balance 
of payments. Moreover, it may give 
rise to increased migration to the 
towns, accentuating problems of urban 
unemployment, nutrition and housing. 
Intermediate technology is seen as a 
stage between sophisticated capital- 
intensive technology and the still pre- 
valent primitive and inefficient methods 
of piodnction, particularly in nual 
areas. 





Science and Mathematics Teaching Pro- 
ject 

From the beginning of this academic 
year the teaching materials for Class VI 
prepared in physics, biology and 
mathematics are being used in the 
31 experimental schools of Dellh. These 
schools are also teaching materials pre- 
pared for this project in classes VII and 
Vin in all the subjects. From the 
beginmng of this year the Directorate 
of Education, Delhi has adopted the 
hooks prepared under this project for all 
its schools starting from class VI. The 
Directorate of Education, Delhi is 
organizing a series of short duration re- 
fresher courses for their teachers of 
science to familiarize them with the 


textbooks by the NCERT and the 
philosophy behind the teaching of sub- 
]ects as separate disciplines. The sub- 
ject experts in the Department are 
actively assisting in planning and initia- 
ting of these lefiesher couises. 

Three of the trial editions of the text 
materials for Class VIII in biology, 
chemistiy, physics and mathematics 
have been completed and printed. Tlie 
coiTCsponding Teachers’ Guide are 
being finahzed for printing. 

The revised edition of the matciials 
for Class VII have been finalized and 
printed both in Hindi as well as in 
English. The Teachers’ Guides for 
these respective texts are in print. 

Additional equipment in physics for 
class VIII has been prepared and the 
equipment for class VIII is now in 
various stages of pioduction 

Now tliat all the materials for the en- 
tne middle stage in all subjects have 
been completed, they are being ex- 
amined afresh in the light of feedback 
received from the teachers and others. 
It has been felt necessary that the syl- 
labi have to be revised and materials 
prepared afresh on some of the chap- 
ters. This task has also been under- 
taken, 

A summer course lasting for 18 days 
was held in the month of June and 
July foi the saence teachers of the 31 
experimental schools. The paiticipants 
were given lectures on the methods 
of teacliing the new text material and 
they were given plenty of scope to 
undertake laboratory work and perform 
demonstration experiments for the 
topics they have to teach in Class VIII. 

With the completion of botli the pre- 
paiation of curriculum materials and 
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the training of the teacheis the De- 
partment has now begun woik on the 
prepaiation of syllabus and cuiiiculum 
for the next stage of the school educa- 
tion namely Classes IX, X and XI. A.s 
reported earliei a number of States 
have begun to show interest in extend- 
ing this project in theii States. The 
Education Department of Andhia Pra- 
desh has adapted the NCERT books 
for their middle school Classes VI and 
VII They have pilaced some 20 
schools on an experimental basis under 
this scheme. Other States which aic 
showing interest are Gujarat, Keiala, and 
Madhya Piadesh. The schools under 
the Cential Schools Oiganizatioii are 
continuing to use the textbooks and 
inatciials piepared under this project. 

Curriculum Project— Study Groups 

The Coordinating Committee for tlie 
Study Groups met on September 9, 
1968, to review the piogi-ess of the 
various groups. At this meeting it was 
decided that the convenors of the 
Biology and Physics gioups should 
undertake the preparation of proto- 
types of kits according to the syllabus 
developed by them. 

Fhysics Study Groups 

The Directors of the Physics Study 
Gioups met m Delhi and Dehra Dun 
to discuss the programmes for Class 
VIII. These gioups have brought out 
Book I for Class V and it is now in 
the press. It was decided that from 
the different variants prepared by the 
Physics Study Groups the materials of 
Delhi and Calcutta groups should con- 
stitute the first set of leading materials 


for the national programme and the 
materials prepared by the Jaipur group 
should constitute the Supplementaiy 
Reading Materials, 

Chemistry Study Groups 

The Study Group Directors met at 
Vallabh Vidyanagar from 15th to 20th 
Septembei, 1968. Materials prepared 
for the second stage of secondary 
schools were discussed. Four titles of 
books have been published during this 
period on the materials already prepai- 
ed. These consist of one textbook for 
Classes VI and VII, one Teachers’ 
Guide and two manuals one for each 
class. 

Biology Study Groups 

Early in July the Biology Study 
Groups had finalized materials for the 
middle school stage. These were inint- 
ed as three textbooks and three tea- 
cheis’ guides. Several sets of these 
books have been sent to different pei- 
sons to elicit them opinion and get a 
feedback Two titles of Supplemen- 
tary Readers have been processed for 
printing and four more wliich have 
been received are being technically 
edited, 

Mathematics Study Groups 
There were three meetings of these 
gioups. At these meetings Geometry 
syllabus for the first stage and the 
Arithmetic, Algebra materials also for 
the first stage were discussed. As a 
matter of strategy the study groups 
have decided to give first priority to 
the adoption of already existing mate- 
rials developed by the Department of 
Science Education and then develop 
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their own materials. 

National Science Talent Search Scheme 

For the next aptitude test to be con- 
ducted ill Januaiy 1969 it has been de- 
cided to print the question papers both 
in English and the regional languages, 
Steps have already been taken to get 
these translations ready and piint the 
same. 

A team of talented student fiom the 
U.S.A and the U.K. visited India and 
met the awardees of NSTS Scholai's of 


Delhi at a cultuial meeting. The visi- 
tors also had an opportunity of meet- 
ing Dr. D. S. Kothaii. 

A statistical icpoit of NSTS Exami- 
nation 1966 is under print and the Re- 
poit for 1967 has been completed. 

Supplemental y Readers 

The manuscript on “Discoveiy of 
Ocean” has been sent to the Publica- 
tion Unit for printing. Another manus- 
cript with the title “Rocks unfold the 
Past” is now ready for the press. 
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Problem Solving in Science 
N, Vaidya S Chand & Co , 

Ram Nagar, New Delhi, 1968 Rs, 12 50 


Revolution in Science Teaching, 
about twelve years old, has necessitat- 
ed thinking and action in science tea- 
ching and education at all levels in 
the developed as well as in the develop- 
ing countnes. Crash progiammes for 
the impiovement of science teaching 
and education aie now in vogue in al- 
mosL all the countries all the world 
ovei. P S.S.C , B.S C.S., Chem Study, 
Chemica] Bond Project and Nufiield 
Project have become household words 
in the entire English speaking world 
both among science teachers and the 
research scientists All these revolution- 
aiy piogrammes have suffered from 
one chief defect, that is, the fiamers 
of these piogiammes have neglected 


the psychological structures (basis oi 
dimension) underlying their efforts It 
is this neglected dimension (assump- 
tions underlaying human thought pio- 
cesses with special reference to science 
teaching) which Shii N. Vaidya has 
tried to illuminate theoretically as well 
as cxpeiimen tally in his book. In this 
context, this is the first book on science 
education to appear as there appears 
to be no other competing title with in 
my knowledge which deals specifically 
both in breadth and depth with scien- 
ce teaching from the psychological 
angle (See author’s references as well). 

The hook contains seven Chapters, 
In the first chapter, the author descri- 
bes the chief distinguishing features of 
the British Educational System as he 
saw them in operation m four diffeient 
types of English Schools. Secondary 
Modem, Technical, Crammer and 
Comprehensive, in England, In his ac- 
count of the Plistory of Science Tea- 
ching in England, he refers how the 
English science teachers, through trial 
and eiior and over a peiiod of 150 
years, have built the English Tradition 
of Science Teacliing whose main in- 
gredients aie reluctance to change em- 
phasis on empircism m contrast to too 
much theorizing, learning science by 
personal expeiience, development of 
inteiest and cuiiosity through imagma- 
live appioadies and empirical study of 
facts, etc like the Tale of Two Cities 
(and here countries), a detailed ac- 
count of the position of science tea- 
ching in India follows in a lucid and 
enthusiastic style. The author in tins 
account mentions the main inadequa- 
cies of school science teaching and the 
efforts made to improve it since inde- 
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pendence. This account concludes 
with the need for developing an Indian 
Tiadition of Science Teaching, a ]ob 
solely to be done by the workeis in 
the field. 

In the second chapter, the auothor 
discusses the impact of science and 
technology on society, nature of science 
and the outcomes of science education. 
Outcomes of Science Education have 
been discussed in terms of functional 
understanding (Vocabulary, facts, con- 
cepts), scientific skills (propeily cate- 
gorized), interests, attitudes and ap- 
preciations. Tliis chapter is of impor- 
tance in developing the unit as well as 
lesson plan objectives in the teaching 
learning process. Teaching is then like- 
ly to be much more broad based than 
is usually the case at present. At the 
same time, the treatment is in conson- 
ance with modern thinking in science 
teaching, that is 'science is an unfinish- 
ed business’, oi to put it in the author’s 
words, ‘science defies its own defini- 
tion’ In the third chapter, the author 
discusses theoretically the nature of 
thinking and problem solving as view- 
ed by philosophers and psychologists. 
He also mentions the logical steps in 
problem solving as given by Dewey in 
1905 and others like Burt (1928), 
Gray (1935), Johnson (1944), Vinacke 
(1952) and Mills and Dean in 1960. 
On reading this chapter, it becomes 
apparent that the whole field of pio- 
blem solving is full of problems. Inter- 
estingly enough, it applies both to the 
definition of problem solving and the 
vaiious steps in it. 

The fourth chapter is of unique im- 
portance in the book because it speci- 
fically deals with the Suivey of Hu- 


man Problem Solving with special re- 
ference to the Teaching of Science in 
the light of Some Theoretical Consi- 
derations. In my opinion, this cliap- 
tcr is a must to read, nay to study and 
to reflect over for the science teachers, 
college lecturers in science, practising 
scientists engaged in school science de- 
velopment programmes and researchers 
on tlnnkmg. On a continum, the author 
discusses the educational implications 
from various stand points; behaviouris- 
tic (Maltzman, and Skinner’s pro- 
giammed learning). Gestalt psychology 
(in sight and productive thought), 
Geneva School (Jean Piaget, Barbel 
Inhelder), acceleration of mental deve- 
lopment (Vygotsky & Z.P. Dienes), 
factor analytic and information proces- 
sing. He then discusses relevant le- 
searches on concept formation and pro- 
blem solving conducted both in U S.A 
and U.K In the remaining three chap- 
ters IS described an experimental study 
earned on English Children m Central 
London, Implications for science teach- 
ing based on this study, and our pio- 
blems further ahead which await invas- 
ion by science teachers and the psy- 
chologists. 

The author tries hard to develop a 
point of view in regard to problem 
solving which on examination is also 
applicable to learning science as well. 
Teachers should help their students to 
invent and discover new knowledge. 
“Teaching mean,s creating situations 
where structures can be discovered, it 
does not mean transmitting structmns 
which may be assimilated at notlung 
other than verbal level.’’ ‘Children as- 
similate knowledge only through their 
thinking and action on things objects 
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and ideas’. They themselves have to 
ho quite active in their learning; or to 
put in other woids a teacher cannot 
give a concept (Jean Piaget). 

Thcic arc howevei some limitations 
of this booh For example, iihilosophy 
of science and scientific melhod, res- 
earches on problem solving in India (it 
any) and actual experimental woik do 
not find mention in this book. Even 
the 1 evolution in science teaclnng re- 
ceives scantly treatment. These limi- 
tations, of course, do not slight the im- 
poitance of this book, for the author 
has tacked a difficult problem. The 
leviewer fully agrees with the state- 


ment of Prof. Iiwin Slesnick given in 
the foiewoid- 

Problem Solving in Science provides 
the Indian Science Teacher with a 
new rationale, for realizing process 
objective.s in science teaching The 
leader is confionted with a plethora 
ct definition and is dragged through 
the diffuse labyrinth of the theoreti- 
cal foundations of science teaching f 
But a comprehensive review of thev 
lesearch literature of educational 
psychology generates hope that a 
flame work in problem solving theory ' 
IS emerging. , The day when 
school science is taught and learned 
in the manner in which science is ' 
cieated by man has been brought 
never by problem solving in science 
by Narender Vaidya 
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